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AUTHOR’S PREFACE TO FIRST EDITION 

Every year the diseases of plants become more numerous, tlieir 
economic importance increases, and the number of those interested 
becomes greater, more numerous by the means of communication 
established between different countries, and by more frequent com- 
mercial intercourse , more important and' more dangerous because they 
])revent the heavy yields of different crops which should be obtained 
from the high farming with which the prosperity of our farmers is so 
closely associated, the number of those interested increases because 
gardening for iileasure, ornamental horticulture, extends daily more 
and more amongst all classes of society. It therefore becomes indis- 
pensable that the farmer, the gardener, and the amateur flower grower 
should possess a treatise in which they can easily find the cause of the 
diseases which dishearten them, and at the same time an efficient 
remedy capable of circumscribing them and of preventing their return. 

‘ >So as to render this treatise complete in itself it was deemed neces- 
sary to pass in review the numerous experiments made up to now to 
sui) press and prevent plant diseases. 

The author has striven from the aggregate of the results reported 
to frame certain scientific rules which appear to determine the success 
of certain classical methods and to ex^Dlam certain notorious failures, 
] ules which may serve as a useful guide to future experiment and aid in 
the discovery of new products of greater efficiency than those now at 
our disposal. 

The preventive and combative treatment of the diseases of plants 
requires a profound knowledge of the parasite as well as the product 
used as a remedy. Success depends on the judicious choice of the 
remedy utilized and the manner in which it is applied, 

E. BOURCART. 


I’akis, 1911. 




REVISER’S PREFACE TO THE SECOND 
ENGLISH EDITION 

Dr Bourcart has done his work so well that the translator would fail 
m his duty if lie did not insist on one point on which the author is 
silent, VIZ , the enormous value of the great number of tried recipes — 
recipes which have passed the ordeal of a capable and wise censorship — 
embodied in this treatise to eveiy one interested, whether farmer, 
gardtmer, forester or last but possibly not least the manufacturing 
chemist. 

The years which have elapsed since this work was hist translated 
have been characterized by considerable developments in the applica- 
tion of chemical science to agriculture The study of insect and other 
p('sts and the means for their suppression have been actively pursued ; 
and, particularly, it has been sought to turn to account the knowledge 
of toxic chemicals derived from war-time investigations. Much of the 
work, however, has not got beyond the experimental stage ; and it is 
necessaiy to proceed with caution, as too drastic measures may result 
m destroying beneficial as well as harmful organisms. In preparing 
this reprint, therefore, although, in part, fresh matter has been sub- 
stituted for older, historical sections, the broad basis of the original 
work has been retained. Where new methods and recipes are given 
they arc those which have been thoroughly tested and generally bear 
the stam^J of official recommendation. Particularly extensive devclo])- 
ments of the insecticide industry have taken place m the U S A., oft(m 
along different lines as regards procedure and nomenclature from those 
followed m Europe. The huge geographical area of the United States, 
with its extensive tracts of swamp, lake, and forest, and generally 
mild and humid climate bordering in parts on the sub-tropical, favours 
the jiroduction of a rich entomological fauna which, however interesting 
it may be to the scientist, is certainly full of perplexities for the farmer. 
So we find a multitude of liquids and powders devised for destroying 
insect pests with active assistance and sujjervision from a paternal 
Government to regulate theii use or abuse. The research work m the 
British Eminre and Burojiean countries and tlieir colonies is consider- 
able, and IS rajiidly growing in im 2 >ortance as the regions of cultivation 
aie extended, (\specTally in tlie trojucs and the warmer temperate 
zones. Du( 3 cognisance lias been taken of these developments, but 
this book m its revised form remains an English translation of a French 
work based on fundanumtal piinciphss and suiipoited by the proofs of 
(‘xperiencc. 

The entomological glossary, formerly a sciparatc section, has now 
been incorporated in the body of the book, chiefly in the form ol 
foot-notes. 

T. R. B. 

8 Broadway, 

Ludgate, London, B.C.4 
Hej^teniber 1025. 
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INSECTICIDES, FUNGICIDES AND 
WEED KILLERS 

INTRODUCTION 

Relative and Absolute Diseases. — Plants, like man and animals, 
in virtue of their living cellular constitution, are liable to disturbances 
of their physiological equilibrium, that is, to diseases. The diseases 
of plants are quite as well defined as those of animals, and a certain 
analogy exists between them, so also with the inducing causes We 
again find amongst these causes the same physical, chemical, or para- 
sitic elements. These causes generally co-operate to produce disease, 
but one cause is always preponderant and serves as a basis for classifi- 
cation. Plant diseases are divided into (a) relative and (h) absolute 
diseases. Relative diseases are a return to the natural wild state of 
the plants artificially selected and profoundly modified by man, and 
so it IS that Brussels sprouts, turnip cabbage, and the different species 
of cauliflower are derived from a species of cabbage to which a disease, 
Fa'ienchymalosis, has been imparted artificially by over-nitrogenous 
feeding systematically pursued for several generations. The tendency 
of these plants to form large fleshy buttons, m the form of a cabbage- 
head, or excrescence of the stem, is not at all inherent m the species, 
and it IS not unusual m dry seasons to observe a return of these plants 
to the primitive condition. This degeneration is regarded as a relative 
disease. It is the same with fruit* trees , we skilfully maintain by 
pruning the morbid condition which force? ,them to produce an 
exaggerated amount of fruit so as to ace’oTmpJish^in this way the end 
which we assigned to them. Their return to the natural state is 
regarded as a degeneration or a relative disease^. '’Absolute diseases 
result, on the other hand, from more or less , pjeofound alteration, 
general or local, of the organs of the plant, from a more or less 
extensive and complete alteration of the cellular \ tissue It is to 
absolute diseases alone that the etiological observations which are 
about to be examined apply. 

Etiology. — Etiology is that part of pathology which is concerned 
with the research of the origin of diseases, and examines the causes 
which induce them. The latter are divided into effective causes (those 
which actually cause the disease) and adjuvant (helping, predisposing) 
causes (those which place the plant organism in such a condition that 
the effective causes can act) In practice, these causes are confused 
and linked together in such a way that an adjuvant cause in a given 
1 
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disease may become an effective cause m anotlicr diseasi*. I( lias 
been seen that the etiological factors of disease may be dividi'd into 

(1) physical, (2) chemical, and (3) parasitic. 

(1) Physical Causes. — These dcjiend on climate and season. Heat, 
cold, drought, and humidity, more or less sunlight, are factors which 
greatly influence plant growth They cause deadly plant diseases 
when all favourable conditions do not work together Here, as in 
the animal kingdom, the great law of selection intervenes Onlv 
plants able to live in the existing climatic conditions will snli.sist, the 
others suffer, fall ill, and disappear. There are few remedies for 
climatic causes. 

(2) Chemical Causes. — These relate, esp(*cially, to ilo* (’h<*inn*al 
composition of the soil, from which the ])lanl draws thi‘ olfniunis 
required for life and growth. These may exist ahmuiaiitly, or not 
in sufficient amount. These physical and clieinical causes favour th<* 
development of parasitic diseases Plants w(‘ak<‘ne(l by t}u*Sf‘ causes 
can exert little or no cellular resistance to being ov(*rruii l»y parasites, 
which find in them a medium favourable to tbiur growth an<! develop- 
ment, for however unfavourable these conditions may be ia the 
development of the plant, they are precisely those which favour 
the evolution and multiplication of parasites. 

(3) Parasitie Causes. — The evolution of all ])arasiti*s, aniinu! or 

vegetable, should be well known, as th(‘y are iieitluT injurious nor 
destructive to the same extent in different pliaw^s of that i‘VoIution. 
Each parasite has a very characteristic evolution, more r*r less huig, 
always the same for the same species. (1) Pamaitvs, TIh*H(* 

belong to the most diverse classes, but insects especially occasion the 
most frequent and perceptible damage. Tlu* inse<’t <iriginat(*.s in the 
egg. The insect which it contains pajises through V(‘ry <lilTereni 
ditions, until after a greater or less length of tinu* it bec(UUi‘S perfect, 
that is, capable of laying eggs to ensure its nqiroducdion Tln» .Hcquence 
of these intermediate conditions is called iuetamorj>ho.siH, and the 
different forms, larvae, caterpillars, grubs, <»hrysalid(*H, et('. It in 
especially in the larva form that the insect is most- injurimiH, A 
sound knowledge of these metamorphoses, of the piTiods at which 
they take place, and the spots where they occur will nmder ihi* hi niggle 
against insects at the moment of their evolution - wluui thf*y are tlie 
most sensitive to insecticides and when they cannot witlmtaiul their 
energetic action — comparatively easy. (2) Ve(jHnblv * 'PhcHi* 

include fungi and certain phanerogams. Pungi have also an evolu- 
tion, differing greatly with the species, and often very (H>fnplex. Their 
method of reproduction, the time and place when» the spt>reH are 
produced as well as the plants on which these spores (*an gc*nuinate, 
should be known. The reproduction of fungi in effectetl hy imuuiK of 
spores. These spores develop when climatic comlitions permitting 
their evolution are realized. The mycelium (this is the name given 
to the new-born parasite) can then expand, either in the interior or 
on the exterior of the plant which they attack. In boili cases it lives 
at the expense of the cellular tissue, and in so doing prodiu'es char- 
acteristic diseases. Organs of reproduction an* formed on the mY<*e- 
lium, from which spores that spread the diH<*ase are deta<du*<L *'rhe 
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spores produced differ witli the season and locality of the plant. They 
arc differentiated into (1) summer spores, very delicate, which generally 
produce a mycelium forthwith, and (2) winter spores, very hardy, 
which do not develop until after a winter passed as such. No general 
rule can be given as to the evolution of fungi. It differs as much 
from one species to another as m that of insects Species exist of 
very complex forms, the evolution of which obliges them to pass each 
cycle on very different species of plants. The suppression of one of 
these plants in the district may lead to an instantaneous and complete 
stoppage of the disease. These fungi are not all equally injurious. 
The following classification, based on their action on plants, has been 
adopted : (a) Absolute jparasites, (b) Wound or weakness parasites, 
and (c) Facultative parasites, {a) The first, the most dangerous, are 
capable of attacking healthy plants. (6) The second can only attack 
the plant if its physiological condition is abnormal, i,e., attacked by 
disease, if its vital energy be dimimshed by climatic conditions ; or if 
hail, or frost, grub, or other cause has made an opening m the epider^ 
mis, enabling them to penetrate into the interior, (c) The third are 
the fungi formerly termed saprophytic fungi as opposed to parasitic 
fungi. Whilst the latter draw their nutriment from the living cell, the 
former live on inanimate organic matter. It has been ascertained, 
nevertheless, from the profound study of cryptogamic diseases that 
saprophytic fungi may, in most instances, become dangerous parasites 
if, through special circumstances, the plant cell may happen to contain 
elements sought after by one of these fungi. Thus the Penicillimi 
f/laucunif the well-known green mould, which usually grows on an 
inanimate medium, is attracted during the ripening of fruit by the 
sugar contained in the latter, and penetrating therein causes them 
to rot. (3) Microbe Parasites, — ^In the case of a microbe parasite it 
is especially necessary to know what factors induce its development, 
which is closely connected with the composition of the cellular sub- 
stance, the temperature, and the moisture. Plants, however, suffer 
less from these than animals, because the reactions of vegetable plasma 
are acid, which are less favourable to their evolution than an alkaline 
medium. However, the daily discovery of parasitic microbes helps 
to throw light on some of the morbid* phenomena of plants, and 
microbes appear to play a most important role in plant pathology. 

The antagonism between animate beings, as much animal as vege- 
table, which live in the same medium does not give rise solely to very 
weak, morbid conditions, but also to relations between beings of very 
different species, which are advantageous to the two antagonists. 
These associations are termed symbioses, De Bary, generalizing the 
term symbiosis, distinguished (1) Mutualistic symbiosis or advan- 
tageous co-operation of the two associates, and (2) Antagonistic 
symbiosis, where the one lives at the expense of the other. 

1. Mutualistic Symbiosis. — ^Many cases of evident symbiosis occur 
between phanerogams and cryptogams, between cryptogams and 
microbes, and between phanerogams and microbes. Amongst these 
symbiotic associations the lichens must be regarded as the most typical 
and the most perfect example. It is the most complete association 
known, where the elements, fungus, and alga arc so closely associated 
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that henceforth it is impossible for in <i|»ar( Tin* nioM 

interesting cases are those oi evident symbiosis }>et\v<*«*n <'(‘rfani fiinoi 
and trees such as Fagns (beech), Con/lus (liazel), i^asttimv ((•ln*N( mif ), 
and several species of Conifem In tins symbiosis, known as d///r/>y- 
ihza, the inycehmn of the fungus invades 1h<‘ rords of tin* and, 
whilst borrowing the necessary elements of life from tiie (»f the 

plant, cedes to it the nutritive elements favourable to its urowtli. 
Other symbioses of great importance to agriculture (*\ist 
certain cultivated plants and certain mi(*robes We have, on the one 
hand, the Bactenorylma of Hiltnor and Htrorner, in vviiirh l>acteria, 
whilst drawing their nutriment from tin* c<*lls of the* riMd epidermis 
of Beta (beet) and F'lsuyn (pea), without injuring tin* latter prevent 
injurious fungi, such as Phonia and others, from invading ami <|i*sfn»y- 
ing these plants. Again, microbes and Lfyanunosa are assoeiuled 
together: Rhzohum leguminohamm. (Frank) ami BanJI/fs rwiimla 
(Beijerinck). These bacteria live on the excn*s<*ences. the eharaider- 
istic nodosities which they produce on the roots of the LfyuoH/tosfr. 
If they draw the necessary elements of life from the coHulur tissue of 
the root, they as a matter of comjiensation (M*de to the nursing plant 
nitrogen of the air in an assimilable form. Tli(‘He symbioses urf* favour- 
able to the development of the plant, and the rujd ure of 1 his ussoeiat ion 
necessarily creates a less prosperous stab*, more akin to a grave jadlio- 
logical condition; the more complete the symbiosis tin* mon* the 
health of the plant depends on the initntivi* elements with whieh 
these associates are capable of suxiplymg it. In (In* disiub'et jon of 
the soil by chemical agents it sometimes hui>p<*nH that, m destroying 
noxious parasites, the mutualistic yiarasites an* destroyed at the same 
time, and that in curing one disease anothiT is en*ated. Pure cultun*s 
of these useful bacteria, or of the mycelium of mutualistic fungi, mtmt, 
therefore, be spread on the fields some time after disiufeetion. Tin* 
very contradictory results obtained on tin* large scale by tin* use of 
pure bacteria arise from the fact that t.ln*s(» sinudd be applied, md 
upon any soil, but on a soil disinf(‘cted l)y carlnm disulphidf* The 
soil is like a wort, and there is a great analogy be1wtM*ri selected leavens 
(yeasts) and soil bacteria The selected leavens cannot yield a renult 
except on wort previously freed—by sterilization, by nnuins of heat 
from any other leaven which would hinder their tlevelopmenl. In the 
same way, the soil which it is desired to sow wdth niutualislh* laicteria 
should he freed, by previous disinfection, from tin* (*lementH whieb can, 
by their presence, oppose the normal evolution of flaw* useful bneterm. 
Each plant possesses its own bacteria, and in (‘a(‘!i par1i(*niar <‘aHe re. 
quires the aid of a pure, selected, and well-defined culture of mierobe.H. 

2. Antagonistic Symbiosis. — The most common result <if the an- 
tagonism between animated beings is the j^arasitic* di.st*aHe gem»rJil or 
local— to which the plant, badly equij^ped, or in bad eomlition t<* resist 
the attack of its enemies, succumbs. The nunib(*r of pliuit parasit<*s 
IS immense, and they are found in all clas8(‘8 of animated hf*ings (pliune- 
rogams, cryptogams, bacteria) as well as animals (wf^rms, insei'ts, acitri) 
h^ng at the expense of the plant. They all become more dangerous, 
the one more than the other, un so far as they fiiul tin* meiiiwm favour- 
able to their development and extraordinary multiplication a medium 
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of constant and invariable composition, and climatic conditions lying 
between narrow limits, to which are intimately linked the growth and 
reproduction of each organism Between enemies the struggle is 
constant. The reaction of the plant against the parasites which 
threaten it, its cellular activity, which opposes to them its layers of 
bark which creates deposits of tannin, of acids in the cells, layers of 
wax on the epidermis, prevents it from succumbing. There is no 
disease until the reactive forces of the plant become powerless to 
prevent the development of parasites, until the disposition of the 
subject, and special and exceptional conditions, facilitate their evolu- 
tion, increasing their virulence and their number. There is, however, 
disease when the parasitic antagonists imported from a foreign country 
(as was the case with certain insects imported from America, and as 
IS seen in America as regards insects of European origin) are deprived 
of their natural parasites capable of hindering their abnormal multi- 
plication Great invasions of parasites must be regarded, in fact, 
as accidents, for nature has attached to each ravager one or more 
parasites which live at its expense, just as it itself lives at the expense 
of the plant. These parasites obey the same laws as the ravagers, 
multiply with the same rapidity as the latter, and by diminishing 
their number form the check which nature opposes to the abnormal 
multiplication of the species. Moreover, sudden changes of tem- 
perature at the time of the casting of the skin of the larvso of the insects 
— then very deUcate — frosts, heavy ram, free electricity, appear to 
be some of the causes which hinder the development ot too great a 
number of parasites. In nature these causes prevent epidemics, which 
would be very rare if man did not, by his methods of culture, create 
specially favourable conditions for the evolution and multiplication 
of parasites. Formerly, this state of affairs was remedied by the 
bare fallow, to-day, rotations are preferred, to-morrow, the annual 
disinfection of the soil by means of carbon disulphide, that of the 
underground and aerial (above ground) parts of plants by insecticides 
and anticryptogams may definitely abolish a condition which neces- 
sarily results from our methods of cropping. It will be seen, how- 
ever, that the complete destruction of parasites is not indispensable, 
but even injurious, and that disinfection should only re-establish 
equilibrium, a modus v%ven(L% between the plant and its parasites. It 
is necessary, in fact, to avoid diminishing in the plant the reactive 
force of the cells, so that these may always be armed and active, and 
able at any moment to sustain the struggle against parasites. This 
equilibrating disinfection is realized in the protection of the vine 
against Phylloxera ^ and cryptogamic parasites by the annual treat- 

1 Phylloxera op the Vine Phylloxera vastaUix (aerial and subterranean). 
— The adult female lays a sniffle egg on the wood ot the aerial part of the vino 
called a winter egg "the young apterous phylloxera which issues from it either 
immediately gams the roots or the leaves of the vine, on which it produces a 
characteristic gall doing little injury to the plant This aerial form or galhcole 
of the jihylloxcra is rarely found on Piench vines, but it is very widely spread 
on American vines, the roots of which are not generally invaded by the insect 
"J'he aerial form of the phylloxera does not belong to the indispensable cycle of 
the very curious evolution of this insect. The young phylloxeras which descend 
to the roots prefer to fix on the radicles to introduce their dart there and to remain 
fixed at the same spot, continually sucking the jiiico of the plant. 
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ment (a) of the soil by weak applications of (‘urhon disnlpimir, <,f 
dissolved sulphocarbonate, and (b) tho aerial or above-ground ijaris 
of plants by sulphuring, multiple spraying wth vvi‘ak <uipne bom lies, 
waging of the stock with ferrous sulphat(‘. (gremi vitno ), an<l by 
scalding or hot water treatment. Tho numb(‘r ()f plant diseases in- 
creases; as now we do not solely cultivat(‘ nativv plants but nmre 
and more foreign species imported into tlio count ry. he def»ort at ion 
of the latter places them in new conditions against w hndi nature has 
not armed them; and in the country of their exile tln^y are defence- 
less against parasites. But these plants import parasites which iind 
a favourable medium for their evolution in the plants of their im*w 
country, against which the latter are not arni(*(L ^ ^ 

Therapeutics. — Therapeutics is that ])art of 3nedi<‘ine whnli treats 
of curative agents and studies the manner of using thein^ in the treat- 
ment of disease Vegetable therapeuhes is based on physiohjgK'al data 
on the knowledge of the physico-chemical profxTties of mirutive agents, 
on their action (1) on the plants to be treated, (2) f>a ilw faeiors 
which cause the disease. It will thcrefon* b(* ne<‘(‘ssury U> indicate 
m the case of each chemical product used in the treatment of plant 
diseases (1) the process of manufacture of the chemical jiroduet. 
(2) Its physico-chemical properties, a knovvl«‘dge of whieh facilitat<;.s 
the preparation of therapeutic specialities and makes knowii tlndr 
mode of action. (3) Its use in human nn^dieine. (i) Its aetion on 
the plants treated. (5) Its action on tho parasites in be overcome, 
or on the factors injurious to plants, (‘urativn* tn^atment is s^oy/rfif 
when the effective causes are suppressed without- th(‘ aid of (dn‘mieal 
products, and chemical when recourse is had to the aid of ehemieal 
products. The use of the one docs not cxclmh* tln^ use of tin* (dbiT, 
and the two utiUzed simultaneously may produce a better elTecr. 

Surgical Treatment. — Surgery, or oporatory nuslieim*, is the part 
of medicine which comprises the intervention of tin* mM haml or 
the hand armed with instruments. The intervention of the hand armed 


with instruments has given rise to vegetable surgery, the intervention 
of the naked hand to the methods of destrueiion of jmnsifeH jacking, 
collecting, trapping, baiting. 

Vegetable Surgery. — ^Vegetable surgery has many analogi(»H with 
animal surgery. An organ deeply attack<‘cl or cajiahle of being rr*- 
garded as a seat of infection should be rem()V(*d in <‘i1her case. Tliat 
is so much the more easy in the case of a plant, as the latter ih u being 
whose growth, by budding, is indefinite, and that the organs removed 
are replaced by eq^uivalent organs in a comparatively short lime. 
The best known process, called “ phloioplasty/' (‘onsists in removing 
in a partial or general way tho old bark from the trunk and large, 
branches of a diseased tree as far as the liber. Tin*, dressing of the 
wounds, which ought to be kept as clean as thoH<» of man, is done 
thus* If the disease he so deep seated as to nec(*Hsitate exposing the 
wood, a protective coating, after cleaning, is spread rm tin* surhnn* 
the wood, which preserves the wound from contact with the air, but 
if there be a living piece of bark (parenchyma, cortical fibres, <»r liber), 
whether in the heart of the wood or on its edges, it must be resiH»cte<l 
and protected hy some folds of the suberose layer. In this latter <‘nHe, 
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the application of a coat of tar would be fatal, especially if used hot. 
The artificial wound method is practised to restore health to a tree 
whose bark is invaded by scolytus Longitudinal incisions are made 
on the parts attacked, penetrating the cortical layers only as far as 
the liber. In serious cases, a narrow band is removed from the sube- 
rose layers This superficial incision induces a flow of sap, leads to 
the formation of new tissue, and stops the transversal progress of 
the larvae of the scolytus. If the tree has been invaded in all parts 
by scolytes, the great part or even the whole of the circumference of 
the tree is decorticated but so as not to wound living tissue. When 
the strips are removed, hems are formed , when the tree is completely 
decorticated, a network of cortical fibres is seen to form on the surface, 
the diameter of the tree grows, and a new bark is formed. Surgical 
interventions of this kind, although rarely employed, may be useful 
when chemical treatment has no efiect. 

Methods of Destroying Parasites hy the Naked Hand. — When a 
parasite is of appreciable size, and especially when it forms visible 
and accessible colonies, its suppression by catching gives immediate 
results On a large scale the parasites may be induced to localize 
themselves in spots where their destruction is easy. According to 
circumstances the methods used are (1) Picking or catching, (2) Traps 
or baits. 

Picking and Catching. — Coleopterous insects (cock(*hafers), grubs 
of butterflies, especially when they live in colonies, the agglomeration 
of eggs of certain Bombyx ^ (Ocneria) are picked. This picking is 
generally done by hand. However, when it is desired to pick small 
insects rapidly, tinned iron funnels with a wide mouth arc used, above 
which the infected organs of the plants are shaken. The neck of the 
funnel is connected with a cloth sack into which the parasites fall. 
The destruction of insects on farm land is also accomplished by aid 
of poultry. For this purpose there are portable hen-houses, which 
are drawn into the middle of the fields. The poultry wandering about 
at will soon free the plants and the soil from parasitic insects. It is a 
very cheap, useful and ready method at certain times of the year. 

Traps and Baits. — To facilitate the collection of insects and their 
larvae artificial shelters fixed on the plants have been tried. The 
trunks of trees in autumn have been girdled half-way up with undu- 
lating cardboard bands of about four inches wide or with bands of 
straw. All the insects which hibernate as perfect insects take refuge 
there. All that has to be done is to remove and burn the refuges 
This process is of frequent use in Germany to destroy the vermin of 
fruit trees. 

Traps fulfil the same purpose as shelters, they draw the insects to 
a certain point and render them more accessible for destruction. When 
a polyphagous (omnivorous) insect has a marked predilection for a 
plant, trap-plants are sown between the lines of the crop. The insects 
prefer to seek the trap-plant, on which it is easy to collect them or 

1 Bombycibes. — Nocturnal moths, heavy and squat in shape, with a body 
abundantly covered with hair, the wings are at rest, sloped like a roof. The 
caterpillars almost always bristle with numerous long hairs; they spin cocoons 
to transform themselves into chrysalides. 
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destroy them by energetic chemical means, desi roving botli <ho insrets 
and the trap-plant at the same time The larvie Mi th, 

plants m the soil may be destroyed by analogous iiudhoc s M(‘sh y 
roots or tubers are buried in the soil between the rows of 1hi‘ culti- 
vated plant which are removed when the f>anisites liav<* chosen a 
domicile there Nematodes ^ and grey worms, whicdi are polyphagcnis 
but have a marked predilection for certain tubers, arc destroyed m 
this way 2 Lantern-traps are used to destroy winged no(-turnaI para- 
sites bukerflies, and coleoptera. Th(*y form luminous fire.s which 
attract the moths at night. Acetylene lam])s fitted with a rdiector 
and surrounded with a plate coated with birdlime^ ridain the nocturnal 
visitors. This process is used in viticultun^ in which it helps to lessen 
the Pyralis^ and the Cochylis^ Therap<Mitical surgery is tlnu-efore 
chiefly used to combat animal parasites. 

Beneficial Insects and Parasites - -One imuins of destroying jjesls 
is by the encouragement of organisms which ])rey upon tlnuii. This 
branch of research is being vigorously follow'ed and in many eases has 
met with a considerable amount of success. To (piote a single ease, 
which could be multiplied indefinitely, the Pentatonml, Ptrllhis rlanduK^ 
is one of the most important predaceous enemi<‘s of the Colorado i>otato 
beetle {LepHnotarsa decemhneafa) in its original lioni(\ about the 
eastern foothills of the Rocky Mountains, and has gradually spread 
eastward with it. For the last twenty years this bug has kept L 
decemhneata in check in Michigan; the arsenical sfiruys used to control 
the beetle do not destroy the bug (We needs to be «*X(‘rcised, bow<‘ver, 
in displacing the ‘‘ balance of Nature,” as unexp(*eted re.-sults .some- 
times follow A case is recorded, for instance, in which a colony of 
Coccus (Lecamuni) Tief^pendum, L, on oleand(*r was destroyed by the 
Chalcid parasite, Coccophayus scutellaris, Dalin SubHe(|uentIy the 
dead scales provided a breeding-place for the more harmful species, 
Psevdococcus adonidum, L., which otherwis(‘ c'ould not have obtained 
on the smooth leaves the refuge it always n(*(‘(ls. HoWf*ver, useful 
parasites now run insecticides close and at any rat(‘ constitute a jiowi'r- 
ful second line of defence. Ichneumon flies are chief among the hem*- 


1 Nematodes or eel worms are small worms of a filifonn aspeet, u Hiuoetli 
tegument, which live m the interior of idant-tiHsuc, causing i Imnict eristic defontne 
tions of the organs attacked 

2 Translator's Note , — As many as 150 wire-worms Imve t/cen trapped hy nipe 
cake, etc., 2 — 3 inches underground close to one hop hill hy Whiteheufi, 

3 Pyealis of the Vine — Tortrix, 1 ccntim<‘tre long, (a a more or lesh gilt 
yellow. The eggs hatch in the end of August. The catcrjallarH hili(‘nmtc het w ( on 
the fissures of the props and under the bark in a small case of white silk which 
they spin. In the following May they quit their coi^oons and gnaw tlie >o«iig 
buds, they agglomerate the small nascent leaves with silk tiiread, thus preventing 
the buds from expanding; moreover, they encircle the Hiiiall grai es with u silky 
envelope inside which they shelter 

4 CociiYLis ambionblla (cochyhs ofHlie vine, the vine tortrix). T'his siaall 
tortnx is about half the size of the pyralis of the vine, its hoigth is H uuHimeties. 
The upper wings are yellowed, crossed by a wide brown band. ITie under w mgs 
are grey. Two generations annually. The caterpillars of the first generation 
invade m May the young vine shoots of the vine in fiower, of whivh they eat nil 
the parts, ^ the vine shoots which escape in the spring are afterwards attaeked by 
the caterpillars of the second generation which invade the shoots at the time thV 
grape ripens. 
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ficial insects in agriculture and gardening, and there are several thousand 
British species of these insects The Aphidius ichneumon attacks the 
aphides which infest corn ears, while the cabbage ichneumon fly keeps 
down the number of cabbage white butterflies. The larvae of these 
butterflies devastate crops of cabbages and other green vegetables 
and the ichneumon fly lays from 20 to 50 eggs in one caterpillar — and 
the ichneumon grubs after feeding on and killing the caterpillar emerge 
and spin small yellow cocoons on the cabbage leaves during the summer, 
and on a wall or fence in the autumn. Fig. 1 shows three clusters of 
these cocoons photographed to the natural size, and whenever cocoons 
of this description are found they should be left undisturbed or pre- 
served carefully — as ichneumon flies form the best protection for 
vegetable and garden crops. 

In English gardens growers of green vegetables suffer from the 
ravages of the larvae of the cabbage butterflies The best remedy is 
hand picking, but, fortunately, their number is kept down by ichneu- 
mon flies, which lay their eggs in the bodies of the caterpillars, which 




Fig. 1. — Three batches of Cocoons of the Ichneiimori^t^ 

Fly which should be protected. 

die after providing food for the larvae of these flies. When batches 
of yellow or white, silky cocoons as illustrated are found on walls, 
fences or plants they should be carefully protected — as these cocoons 
are of great value to the vegetable grower. Other beneficial insects 
in England are hover flies, lacewmg flies, and ladybird beetles. 

Chemical Treatment. — (Jryi>togamic diseases require chemical treat- 
ment, for it is a case of overcoming organisms so infinitely little that 
the eye can often only see them with difficulty. 

Curative Treatment.— The chemical treatment consists in placing 
the parasites m contact with substances which have an injurious effect 
on them. 

Insecticides are used to kill insects, miticryptogmnics or fungicides 
to combat parasitic fungi To get the best results from the use of 
chemical reagents, it is desirable to know the properties of the curative 
agents and the right method of using them 

Examination of Curative Agents. — The chemical products utilized 
in the struggle against parasites ought to respond to the following 
different requirements: (1) To destroy the parasite or arrest its 
evolution. (2) To be more poisonous to the parasite than to the plant. 
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(3) To preserve their poisonous properties for a certain tune and to 
adhere sufficiently to the organ of the ])lant. (4) To (niter into 
intimate contact with the parasites or their elements of i)ro]>agat-ion. 

Action of Chemical Products on Parasites.— Most of tli(‘ ch(uni(*al 
agents employed against parasites act chemically on their vitiiil 
substance. The most active are m general those whi(‘li form in(*rt 
derivatives with it, which precipitate the albummi or which modify 
the plasma; such are corrosive sublimate, formol, (u>j)iH*r salts, pinmols, 
etc. They thus arrest, temporarily or definitely, tin*, evolution of 
parasites or their elements of propagation. In the eas(>, of haet(n-ia 
the phenomena of destruction may be more easily ohs(‘rv(‘d. li is 
then observed that their evolution and reproduction art* arr(‘si(‘d hy 
the formation of an inert layer around them. It suflict^s oft(*n hy jiro- 
longed washing of these bacteria with appropriate litiiiids to nunovt* 
the immobilizing layer and to allow them to resuiiH* undiT normal 
conditions the sequence of their uninterrupted evolution. Tin* ehtmueal 
agents do not therefore necessarily kill the parasitt‘s and th<»ir organs 
of propagation; often they only paralyse for a c(‘rtaiii time the normal 
evolution of the parasite. The more the therapeutic agent is eajaihh* 
of msolubilizing albumen, or of modifying the sul>stane<*s <*onstituting 
the cells, the more active it is. Wuthrich examiiHMl the eomjmrativo 
action of various substances on the different spends of fungi. His 
researches, m which mention is made of th(* ndation which <‘xiMs 
between the molecular weight of the chemical products and tlnur 
action on parasites, leave no room for doubt on flu* subj(*ef of tin* 
similarity of the action of various chemical products on th(* vital 
substances of parasites. Other poisonous chemi(‘al jiroducts act on 
parasites, some in virtue of their propcrti(*8 as solvents of organic 
matter, such as the caustic alkalies, alkaline soaps in a<jU(*ous or 
alcoholic solution, and certain acids, others by their <l<*fiydrating 
action exerted chiefly on the medium on which th(* jiarasiii* Iiv(*H. 
No parasite living in an aqueous medium can de.vfdop (»xc(»pt^ winm 
the amount of water contained therein does not <leHcend Jadow a 
minimum. A disease may he stopped if the conditions of (‘xistiuna*. 
of a parasite be modified in this direction. Other chemical jiroducis 
are asjpJiyxiants : impalpable powders, and oils and fats ; they obstruct 
the respiratory passages. 

Action of Chemical Products on Plants.- The ch(*mi(*al products 
used to combat plant diseases have all, to a certain (*xt<*nt unlf‘sh 
insoluble, an injurious action on plants. The plant is generally I(‘«h 
sensitive to chemical agents than the spores of fungi, and more stuinitivit 
than insects, their larvse, and their eggs. 

Liquids Spread on the Surface of Plants may th<uviu by 

endosmosis, whilst gases and vapours do not appear to b(*, or are wdlh 
difficulty, absorbed by the plant. 

It follows that the treatment of plant diseases may be* prt*ferably 
done — 

1 . By 'products under the form of gas or vapour, 

2. At a time when the organs which permit endosmosis no longer exist, 
and when the cellular activity of the plant is reduced to a minimum, that 
IS to say, in winter. 
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At that time of tlie year chemical agents of any degree of concen- 
tration may be used without injuring the plant, whilst in summer 
infinite precautions must be taken not to destroy the organs of the 
infected plant at the same time as the parasites. Treatment by gas 
is very efficient, and is becoming more common every day, whether it 
be the treatment of the part of the plant above ground (aerial), or of 
that underground, the roots being iiiiected as frequently as the stems 
by parasites injurious to their normal evolution. With this end in 
view injections of carbon disulphide, petroleum, benzene are made 
into the soil, and by enclosing {clochage) the part above ground, an 
atmosphere may be created charged with sulphurous acid, carbon 
disulphide, prussic acid, nicotine, etc. When solutions or emulsions 
of the chemical agents are to be used in spring and in summer, the 
sensitiveness of the plant towards these ingredients must be known. 
Each plant possesses its own particular sensitiveness towards sub- 
stances poisonous to parasites, and it is desirable to use these sub- 
stances, in each instance in an appropriate degree of concentration. 
When the sensitiveness of the plant is greater than that of the parasite, 
there is reason to abstain from the use of such substances, or it is then 
necessary to follow the spraying by washing with pure water, only 
giving them the time required to act on the parasite. This latter 
precaution allows the use of strong doses of toxic substances, doses 
which would kill the plants if the washing did not intervene to prevent 
prolonged contact. 

Indispensable Properties of the Chemical Agents. — The chemical 
agents should be of such a nature as to guarantee reaching the para- 
sites. Certain insects and their larvae are covered with hair and 
down, or even with a coat of wax, which prevents aqueous solutions 
from reaching them. The insecticides which should be employed in 
such cases are alcoholic, ethereal, or oily solutions, soaps and caustic 
alkalies having a solvent action on the organs of protection, and capable 
of moistening them, so as to let the toxic substances penetrate as far 
as the sensitive organs of the insect. The treatment should often be 
curative and preservative, and it is then necessary that the substances 
used should persist for the longest time possible on the surface of the 
plant. This problem would be easily realized if rain did not remove 
in a short time the deposit of substances created by spraying Attempts 
have been made to protect plants from the effects of the natural wash- 
ing by the use of substances of poor solubility in water, and with a 
perfect adherence to the organs of the surface treated. The agents 
only slightly soluble in water spread on the surface of the plant, in 
the form of bomlUes, form deposits which the rain cannot remove 
owing to their own adherence, or to an adherence acquired artificially, 
by the incorporation of gluey substances, insoluble in water (silicate 
of soda, saccharates, soaps, gelatine, rosin). But care must be taken 
not to use too insoluble substances and in too great quantity, for 
there is a risk of covering the whole of the respiratory surface of the 
leaves with a layer rendering the exchange of gases impossible, which, 
if it does not cause asphyxia, produces at least an annoying disturbance 
m the growth (evolution). The insoluble, or the only slightly soluble 
products are, in general, of greater service than the soluWo products. 
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In addition to their less injurious action on the plant, they persist 
longer on the surface of the vulnerable organs and their action is of 
longer duration. 

The insoluble products are intended to poison insects through the 
stomach. A slight layer of arseniate of lead, or of arsenitc of copper 
(Pans green), ^ on the leaves penetrates into the stomach at the same 
time as the leaf and kills the insect In the case of cryptogam] c para- 
sites, slightly soluble substances are used, which in contact with the 
dew causes it to become toxic, owing to the traces of poison which it 
has dissolved, and to kill the spores, which require its aid for their 
evolution Briefly, it is necessary in each particular case to choose 
the appropriate remedy and to use it with discretion It is the most 
difficult side of vegetable therapeutics. The therapeutic store contains 
a great number of products the action of which is analogous Tliosc 
which can be usefully employed can be reduced to a small number, 
The most interesting are carbon disulphide, Bordeaux bouillio,^ lime, 
sulphur, sulphate of iron, sulphuric acid, emerald green, soap-eniulsions 
of petroleum and alcohol, tar, prussic acid, nicotine, and nitrobenzene. 
The greater number of the chemical products which have been the 
subject of experiment against the diseases of plants are, nov(‘rtheless, 
dealt with in this treatise, and deductions drawn from the aggregate of 
the results obtained by the experimenters. The results which have 
been published are so very different, and the opinions expressed so 
contradictory, that the author has been obliged to control the facts 
by personal experiment before expressing an opinion. Laboratory 
experiments do not always permit of the conclusion that their results 
will be confirmed in actual practice, parasites have natural means of 
protection which are awantmg in the laboratory, but whi(5h (mablc 
them in a natural state to escape very often from the deadly action 
of the agents used. Experiments, therefore, to which most weight 
is attached are those made in practice. According to their mode* of 
action and their nature, chemical agents are used and applied in very 
different ways. 

Methods of Using Chemical Products in Treating the Diseases of 
Plants. — Insecticides and anticryptogams are used in three forms : 
(1) As gas (2) As powder. (3) In the state of solution or susjiension 
in a hquid vehicle. Use of Chemical Agents in Btate of Gas — Gas(»s 
are used m closed spaces under a cloche ® or in the soil. For this pur- 
pose there is utilized either liquids which evaporate at the ordinary 
temperature or solid products which disengage gas by heat, combus- 
tion, or chemical decomposition. In any case it is necessary tliat the 
gas mix perfectly w;ith air and reach all the corners of the area to be 


^ Note by Translator . — Arsemte of copper is not Paris green but >Schcele’s 
green Pans green is our emerald green, the aceto-arsenite of copper 

3 The translator has retained the Prench term “ bouiUie throughout. U’ho 
usual English rendering of the term as “ Bordeaux mixture ” being, m his opinion 
a poor rendering. All houillies are perforce mixtures, but only a few mixtures 
are bouillies. 

® ^ole by Translator — A bell- or dome-shaped glass vessel familiar to those 
j^ho dabble m the French style of gardening recently resurrected in Great Britain 
but "well known to London market gardeners at least 150 years ago, who even in 
those early days used them by the hundred. 
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disinfected. In closed spaces that is comparatively easy, in the soil 
it IS more difficult to realize 

Underground Treatment. — Injections of volatile liquids are made 
in the soil at Suitable depths by means of an instrument called a soil 
injector (Fig 7), when by sprinkling the soil with water the gas 
which IS disengaged is enclosed When such treatment is carried out 
with the necessary care, so as to avoid the contact of the liquid sub- 
stance with the roots of the plant it yields perfect results But 
difficulties are encountered due to the nature of the soil. If it he 
easy to disengage toxic gases in a friable soil it becomes difficult to 
spread the gases uniformly m a compact wet soil Gases circulate 
with difficulty through certain soils, and are not retained long onougli 
in others Water creates an impenetrable barrier to the circulation 
of gases The gases produced in the soil should not enter into reaction 
therewith and be fixed by the substances in the soil. From this point 
of view carbon disulphide is the best substance. Other substances, 
such as tar, petrol, benzene, sulphuretted hydrogen, are retained by 
the capillarity and chemical action of the soil which often energetically 
opposes their distribution. To avoid failure it is well to give the 
preference to insecticides in dilute solutions in winter, and to volatile 
insecticides in summer, when the soil is dry. 

Aerial (or above ground) Treatment by Gases. — Clochafje, or treat- 
ment in a closed space, gives the most certain results, and does not 
exert an unfavourable influence on the development of the plant. 
Highly poisonous gases may be used against parasites, because they 
do not generally have a deadly action on the plant, especially when 
contact with the plant is not prolonged beyond measure, which result 
IS obtained by aerating after a predetermined time. 

Glochage is used to disinfect the vine by sulphurous acid. The 
stock is covered with a cloche made of a tun (cask) cut through the 
middle, or with a zinc receiver fitted with two handles Under the 
cloche the gas is disengaged by combustion or by chemical decom- 
position of certain salts : sulphur is burnt, or potassium cyanide is 
decomposed by sulphuric acid. The operation is finished in ten 
minutes. In greenhouses or in closed spaces made around fruit trees 
or against espaliers with waterproof awning, the operation is per- 
formed in the same way. In all cases where disinfection by gas is 
possible, it ought to be applied as a process sure to disinfect without 
injuring the plant treated. It is the only process applicabhj to food 
warehouses. Treatment by gas is always curative When this treat- 
ment IS not applicable recourse is had to treatment by boiling watcT 
or solutions of toxic substances, emulsions, or pulverulent products. 

Scalding or treatment by boiling water finds a very extendtid \im 
m winter to kill by heat all parasites and their germs lodged along 
the trunk of a plant But that is a winter treatment which cannot 
be applied in summer, the delicate organs of the plant not being able 
any more than the parasites to support contact with hot water. 

Use of Chemical Agents in the Form of Powder.— Non-poisonous 
but asphyxiant powders are used such as they are; toxic powders 
are reduced more or less according to the intensity of their insecticidal 
or sporicidal capacity with flour, talc, chalk, or any other inert matter, 
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finely divided and cheap The powders are projected on to the plant 
by means of bellows called sulphurators (Figs 5 and G) Powders 
may be projected where liquids cannot penetrate. Liquid treatments 
are sometimes alternated in the struggle against stubborn diseases 
with pulverulent treatments of the same composition. 

Use of Chemical Products in the Liquid Form. — Poisonous sub- 
stances in a state of solution are used in both the external and internal 
treatment of plants. In the external treatment the poisonous sub- 
stance IS spread on the plant, whilst in the internal treatment it is 
introduced into the juice, either by causing it to be absorbed by the 
roots or by injecting it into the trunk. External treatment is most 
generally used, and it is from it that the most successful results are to 
be anticipated. 

External Treatment : Liquids. — Solutions, bouillies, emulsions are 
much more used than gases and powders owing to their easy use. 
These preparations are distributed by means of spraying machines 
when the treatment is general, and by the brush when it is 
local. The ejficiency of the treatment by liquids depends to a great 
extent on the mode of application. The substances should be pro- 
jected in a finely divided state, best in the form of a mist, because it 

15 less important to accumulate large quantities of substance m a 
given point than to spread a httle everywhere in a uniform manner, 
above as well as below the leaves, on the twigs and on the trunks^ 
The largest number of points of contact between the spor(‘S of the 
fungi or the insect and the poisonous solution must be secured. The 
appliances which attain this object are the spraying machines which 
have reached a high degree of perfection The lujuid prejiarations 
must possess a certain degree of concentration to be active*. It is 
injurious to increase this concentration, and dangerous to diminish 
it. When a liqmd preparation has a poisonous action on the i>lant, 
or if it has no adherence, these drawbacks may be obviated by multi- 
plying the treatments with a weaker preparation. It has been found 
that it is better to diminish the strength of the applications and to 
increase the number of sprayings, for it is the abundance of these 
rather than the strength of the preparation which forms on all the 
organs, in proportion as they are developed, an extremely thin layer 
of a toxic substance capable of preventing the development of spores 
or of poisoning parasites 

Experience has proven that periodically spraying at short intervals 
with weak bouilhes yields far better results than a single annual spray- 
ing with concentrated bouillie as formerly practised. Th<i single 
spra;^ng with a 4 per cent, copper sulphate bouillie used some years 
ago has been replaced by three to seven treatments with bouilhes 
prepared with 0*5 per cent, of copper sulphate Although the total 
amount of copper spread^ on the surface of the plant he mostly less 
than formerly, the result is better, because all the surface of the plant 
remains covered with a very thin pellicle of hydrated oxide of copper 
of w^ch a trace dissolved in rain water or dew suffices, as has 
been found to kill the spores which are germinated. This process is 
the more efficient because it especially guarantees against disease all 
the young organs of the plant, which being more tender and more 
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aqueous, arc more easily invaded by parasitic fungi and have there- 
fore a greater receptivity for cryptogamic diseases. The perfection of 
the treatment is, therefore, an element as important to secure success 
as the properties of the product. When anti-cryptoganiic substances 
are used, it is necessary to bear in mind that the external treatment of 
a plant cannot destroy the mycehum of the fungus which has pene- 
trated into the plant, and its multiple ramifications in the interior of 
the latter are perfectly protected from all outside spraying. The 
external treatments are intended to destroy the organs that (hssemmate 
the disease, the conidiophores and isolated spores, and thus prevent 
the extension of the disease to other plants. If for any reason the 
treatment has been deferred and the disease has assumed a great 
extension, it is well to remove before spraying the parts of the plant 
most seriously attacked and to burn them ; that is a surgical comple- 
ment to the chemical treatment which may^ be of great service and 
which must not be neglected if one be anxious to suppress the disease. 
It is well to say that neglect of one factor may compromise the results 
of the treatment by liquids and rob the experimental effort of any 
beneficial result. 

Internal Treatment. — From analogy, with the treatment of human 
diseases, attempts have been made to introduce into the sap of the 
plant toxic elements, intended to be carried through the plant, and 
to destroy the mycelium' of fungi which have invaded it, or to kill 
xylophagic insects and those which suck the sap. The experiments 
of Laffitte and Henneguy have shown that a substance dissolved in 
water, absorbed by the roots, may ascend to the leaves and reach the 
extremities of the tree if it does not form insoluble compounds with 
the constituent elements of the sap, however, the greater number of 
salts yield with the plasma insoluble derivatives, which prevent their 
entrainment by the sap towards the part of the plant attacked by 
the parasites. Numerous experiments have been made in this direc- 
tion to combat the phylloxera The method used, it must be confessed 
with mediocre success, consisted in making a hole in the vine stock 
from above downwards by a gimlet, and in introducing therein the 
chenucal agents, such as calomel, camphor, potassium sulphide. These 
were the first experiments carried out under very bad conditions, never- 
theless carbolic acid, used by Green against lice, prussic acid against 
bugs, have given appreciable results The first successful results 
were obtained by Mokretzki with injections of a dilute solution of 
sulphate of iron, and nutritive elements which he injected into the 
sap to cure chlorosis. These were crowned with complete success. 
But they must be executed in such a way that the air cannot penetrate 
into the wound, and a slight pressure is required to enable the liquid 
to enter into direct contact with the sap of the plant. However, 
when Mokretzki tried sulphate of copper under the same conditions, 
his experiments were a failure. It is possible, however, that organic 
salts of copper soluble in the sap may behave as indifferent salts, 
especially if used in small doses, and produce the satisfactory effects 
on the health of the tree given by dilute solutions of sulphate of iron, 
and by sprinkling the soil with sulphate of copper. Metals are capable 
of forming organic salts, which no longer precipitate albumen, and, 



16 INSECTICIDES, EUNGICIDES AND WEED KILLEES 

injected into the sap, may hehave in quite a different manner from 
the corresponding inorganic salts These organic salts have found 
multiple applications in. human therapeutics, and it is to he supposed 
that their use will extend in the domain of vegetable therapeutics. 
The internal treatment discovered by Mokretzki will perforce extend 
further when it has been determined under what form poisons can he 
incorporated with the sap, and especially in what degree of coucen^ 
tration they should be used These remedies will form a powerful 
instrument against all sucker-lice, and will be capable of arresting the 
internal evolution of the mycelium of parasitic fungi But vegetable 
therapeutics will often yield imperfect results, in spite of all the atten- 
tion brought to bear in the application of appropriate remedies, for it 
it difficult to dislodge or to destroy m the interior and on the exterior 
of a plant without injuring it the parasites which dev(dop there, sur- 
rounded by the very efficient means of protection which nature has 
given them; and if we insist on this axiom, that a plant disease cannot 
be cured, but that it can only be diminished or its extension prevented, * 
the important role which preventive methods play in the struggle 
against plant diseases will be understood. 

Prophylaxy. — Prophylaxy is that part of medicnu^ which deals 
with the means of guaranteeing against disease and preventing it. 
Knowing the cause or the causes of the diseases it is possible to protect 
plants efficiently against them. The knowledge acquired as to the 
reactions of the organism, and the means by which it naturally arranges 
to defend itself against disease, have enabled prophylaxy to utilize 
physiological processes instead of agents destructive to parasites. It 
is necessary to differentiate between therapeutic projihylaxy and 
hygienic prophylaxy. The former utilizes therapeutic agents, surgical 
processes as well as antiseptic insecticides, fungicides. The latter 
employs dietetics, stimulants of growth, rational feeding, selection of 
vigorous and hardy species Medicine in its application to plants is 
in fact as complicated as when applied to man, and it is not surprising 
to see it necessary to take at the same time prophylactic and therapeutic 
measures in order to have crops free from disease 

Therapeutic Prophylaxy. — ^When the cause of a diseast*. is known, 
its evolution and that of the parasites which produce it, it is com- 
paratively easy to find the means of checking it by preventive measures. 
These treatments may be very often earned out at a time when the 
plant can bear them with impunity; in winter when the delicate organs 
have disappeared and when the sap is at rest. One must never wait 
until a disease manifests itself, even if the possibility of its apx)earance 
is not absolutely certain. Preventive treatments if they arc not 
always capable of removing all the effective and adjuvant causes of 
disease will minimize them. When the cause is a parasitic one, the 
object pursued is not to destroy all the parasitic elements, but to 
reduce them to their normal or natural number increased by our 
methods of cropping. In these conditions, parasites having always 
existed and their complete destruction being as chimerical and as 
useless as a complete disinfection of the air which we breathe, with 
the object of destropng all microbes, disease is no longer to be feared, 
because it no longer causes us appreciable injuries. 
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Preventive Surgical Treatments. — Operatory medicine may be of 
great assistance in the prevention of plant diseases, in fact the sup- 
pression of everything which may transmit a disease from one year 
to another is often capable of giving radical results — excision of the 
diseased parts, removal of branches attacked or bearing spores or 
eggs, washing of the bark of the trunk and branches to suppress refuges 
formed by mosses and lichens for acari,^ aphides,^ and colcoptera. 
Intervention by naked hand plays a role not less important, by the 
collection and suppression of the old organs of plants, leaves, and rotten 
and wormy fruit on which receptacles containing the spores of fungi 
serve as refuge to grubs and chrysalides and as shelter to masses of insect 
eggs. The destruction of the parasites and their hiding-places by this 
simple means causes them to disappear completely after a certain 
time 

Birdlime traps preventing insects and their larvae from reaching 
points that they might ravage, are likewise useful auxiliaries. The 
most usual trap is the ring of tar or of birdlime with which the trunk 
of trees is surrounded The going and coming of apterous parasites 
between the leafy portion and the soil being along the trunk, the ring 
of sticky substance drawn round the trunk is intended to stop these 
often daily journeys and to retain all these parasites stuck fast An 
examination of the habits of parasites demonstrates that almost all 
are forced to use this road, some to seek a refuge in the soil for the 
night, others to ascend nightly from the soil in which they had taken 
refuge during the day. Thus the grub descends along the trunk to 
place itself as a chrysalis in the soil, and the butterfly, even when it is 
not apterous, ascends along the trunk to deposit the eggs which weigh 
down the female The grey worm and many moth grubs go every 
morning to find a refuge in the soil, to re-ascend the trunk m the evening. 
This method, now very common, gives perfect results. In arbori- 
culture it IS a powerful auxiliary to the liming of the tree, but it is 
necessary to watch that this sticky substance preserves its adhesive 
qualities and to renew the ring when these have disappeared. Young 
fruit trees being sensitive and liable to perish after an application of a 

^ Acari, Mites, or Plant Uce. — ^The acan much lesemblc small spiders, differ- 
ing, ho'wever, by their inarticulated body Acari produce proliferations of the 
tissues* galls, felting, swellings, brown lust, changes in colour, leaves become* 
yellow, red, or brown The most injurious acan are the Phijtopius and the 
Tetranychus (so-called “ red spider ”) 

® Aphis (singular), Aphides (plural). Naked qdant lice . — In spite of their 
small size, the aphides do as much damage as large insects They live in colonies, 
of which the individuals reproduce themselves increasingly during fine summer 
weather and give birth to a progeny of thousands OUiese apterous insects remain 
fixed on the same spot ; their rostrum, planted in the most delicate part ot tin* 
plant, continually sucks the juice which flow%s thereto. The result oi this constant 
irritation of the cells of the plant is that it dies, or is in a diseased state, which 
shows itself by characteristic deformation of the oigans it will be seen that 
the leaves and the branches curl up, roll, swell, change coloui, passing through 
white to yellow, to red The plant licc secrete from their cornicles (small horns) 
a sort of honey-dew which they eject afar and which ends by covering the whole 
trees with a sticky, sugary layer preventing the respiration ot the plant and attract- 
ing insects fond of this sugar, h'ungi of the family of Capnodium, which live 
exclusively on this waste, develop there and finally cover tho entire jdant with 
their black mycelium, thus causing a disease known as Fumayine or smut ot fruit 
trees. 

2 
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ring of tar or birdlime, it is well to fix round the trunk a strip of 
cardboard well fitted and to coat it with the ^ sticky substance. 
The same result is thus obtained without injuring the health of 
the tree. 

Grease-banding. — Grease-bands, consisting of strijis of grease-jiroof 
paper about 8 inches m width, should be placed round the trunks of 
fruit trees early in October. The paper is tied at top and liottom with 
string and is coated with a sticky, non-drying substance similar to that 
used on fly-papers. This sticky material is to intercept the wingless 
females of the winter moth {Gleimatdbia brnmata) and the mottled 
umber moth {HibcTMCb dcfoliafid) which crawl up the tree trunks about 



Fig. 2. — ^The Winter Moth. 


the end of October or early in November to lay their eggs on the buds and 
twigs. The caterpillars hatch in the spring and at once cat up the 
young leaves and fruit blossom The grease-bands should be renewed 
in February in order to catch the wingless females of the March moth 
{Amsopeiyx mculana) which ascend the trunks in the same way in 
March and April. As each female winter moth lays about 200 to 300 
great damage can be done to the fruit blossom if they are allowed 
to reach the branches. 

The illustration shows several winter moths as caught on the grease- 
bands ; a female enlarged showing the rudimentary wings ; and eggs, 
natural size and enlarged. When laid the eggs are light green in colour, 
but in a few weeks’ time they turn a rusty brown, and are therefore 
dilficult to detect on the twigs and buds of the fruit trees. 
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Preventive Treatment by Means of Chemical Agents. — The general 
conditions as regards the properties of the chemical agents used in 
the preventive treatment of plant diseases are the same as in the 
curative treatment. The chemical products must destroy the parasites 
and be more poisonous to it than to the plant ; they must adhere and 
preserve their poisonous power for a certain time, and enter into intimate 
contact with the parasite or with its elements of propagation. When 
such treatments are applied, as is often the case during the repose of 
vegetation, the comparative insensibility of the plant enables them to 
be used in doses deadly to the parasite without injuring the plant. 
Most fungi living protected in the interior of the tissue are sheltered 
from the action of the poisons spread on the surface of the organ attacked, 
and are evolved in spite of the curative chemical treatment. The 
important point in plant diseases is.to destroy the spores which propa- 
gate the disease. To attain this result, different spores must be attacked 
by difierent methods. If it be a case of destroying winter spores, very 
energetic treatment must be applied in winter, for these spores have an 
extraordinary power of resisting chemical agents. If it is a case of 
killing summer spores, which, on the contrary, are very sensitive and 
delicate, a treatment with dilute anticryptogamic solutions will suffice. 
Preventive winter treatment can thus be distinguished from preventive 
summer treatment. Preventive winter treatment consists in destroying 
by chemical agents all parasites, and the elements of their propagation. 
To obtain this result the trunks and branches are painted or washed, 
after a mechanical dressing with milk of lime, concentrated copper 
bouillies, 10 per cent solutions of sulphuric acid, hot concentrated 
solutions of sulphate of iron, boihng water,^ petroleum, and pure carbon 
disulphide. These chemical agents, used in such a high degree of 
concentration, do not injure the plant in winter, and permit of a radical 
destruction of the parasites. These preventive winter treatments are, 
generally, sufficient to prevent the diseases from appearing in the fol- 
lowing year, especially when care is taken to destroy the decayed organs 
scattered around the plant, and to disinfect the soil, the dung, and the 
seed. This last precaution is of an undoubted utility in preventing the 
diseases of plants cropped annually, and the methods usually employed 
have now attained a great degree of perfection. Moreover, it is necessary 
to destroy wild plants of the same species, which are preferred by the 
parasites which it is desired to destroy, plants which form seats of 
infection which are necessary to the cyclic development of certain 
parasitic fungi, pch as the rust of cereals, which search for nurse plants 
of diferent species necessary for their normal evolution, and the destruc- 
tion of which brings about the radical suppression of the parasite. 
These plants are the barberry and Boraginece. 

Preventive Summer Treatment. — In spite of preventive winter 
treatments they must be completed by summer treatments. Working 
so that the vulnerable organs of the plant are always protected by a 
fungicide very slightly soluble in the dew, the plant is prevented from 
succumbing to the incessant attacks of the spores, which the atmospheric 
currents lead to it. It is a case of very small doses of anticryptogamic 
agents, which suffice when the treatment is continued during the whole 
period in which the disease is to be feared. Weak injections of carbon 
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disulphide in the soil and periodic washings of the stock with dilute 
solutions of potassic sulpho-carbonatc have given tlu^ l)(‘st results in 
the struggle against the phylloxera, without destroying all the jiarasites 
they so far dimmish their number that they can no longer injure the 
plant. Sulphating every year with weak homilies yields analogous 
results and enables the trees to develop normally Along with the 
rational and periodic use of chemical agents intended to kill the greater 
part of the germs of cryptogamic diseases and insects, it is well to use 
stimulants to furnish rational nutriment to the plants and to pay 
attention to their hygiene 

Hygienic Prophylaxy. — ^Vegetable therapeutics do(‘s not consist, in 
fact, entirely in the struggle against the effective factors, but it ought 
likewise to suppress the adjuvant causes. Plants are n^storod like 
animals hy the art of healing regarded m its widest scopes Hygiene, 
which plays so great a role in human prophylaxy, ought to receive 
equal attention m the case of vegetables. This hygiene is based on a 
knowledge of their organs, and their mode of growth, on that of the 
environment where they live, and the climatic conditions which favour 
their development, and the mineral elements indispensable to them. 
It IS necessary to remove bad influences from plants, and to siqiply 
them, if need be, m a regular and abundant manner with the nutritive 
elements which they require If it be asserted that a dis(‘ase can be 
transmitted to a plant by artificial infection when placed in a laboratory 
where it has not all its means of reaction, it must not bo concluded 
therefrom that this same plant will always succumb to this ])arasitfi in 
surroundings favourable to its development and in good hygienic 
conditions Owing to a special immunity which is not ac(|uired, (‘xc(q)t 
under certain conditions, the plant, on the contrary, will able to 
resist the attempts of invasion by the parasites and will issut^ vietonous 
from any struggle in all instances. 

Most cryptogamic parasites are incapable of attacking tlj(‘ living 
vigorous and healthy cell. Certain insects, even xylopliagie, su<*h as 
the Scolytes, only attack a sickly tree, the intensi» motion of tlu^ sap 
being injurious to the development of their larvfc. On the other hand, 
most parasites find an easy shelter in the ydant wlnm the latter is 
enfeebled by an adjuvant cause, or when organs caj)ab](‘ of h(‘ing 
invaded have been laid bare by a wound. 

Stimulants of Growth — ^We know the favourable inflinmci^ whieh 
certain metallic salts absorbed by the sap can oxercis<^ on th(‘. h(‘alth 
of plants Salts of iron, copper, mercury, zinc, nickel, cobalt, mangan- 
ese, lithium, fluorides, and arsenites have m a certain (lose a stimulating 
action on the vital functions of the plant, analogous to tliat which 
arsemous acid exercises on our own organism The us(‘ of these stimu- 
lants may often be a useful means of stimulating the vigour of the jilant, 
and of rendering it more capable of resisting cryjitogainic dis(‘ases. 

Nutrition. — The researches of Liebig, Boussingault, Deheraiii, and 
others have shown that the development of plants depends greatly on 
the mineral elements which they find in the soil, and nothing is more 
easy than to supply them when the soil is deficient therein. Tlie 
result of these researches has been intensive farming, which by supplying 
in great abundance the elements necessary for the growth of j>Iants 
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has rendered it possible to double and triple the yield of crops. En- 
couraged by such success we have learned to prepare an exact account 
of the elements indispensable for each plant crop by the analysis of 
its ash, of the elements of the soil, and taking into account the nutritive 
elements that the preceding crop has removed and adding to the soil 
the elements in which it is deficient It has been observed, however, 
that the plants obtained as a result of intensive manuring were more 
subject to diseases, and that such assumed a dangerous character 
The great delicacy of the plants constituted a more favourable medium 
for their evolution, however little the climatic conditions favour their 
development, and predispose the plants to infection. It must be 
admitted that the intensive culture now practised docs not produce a 
normal condition of the plant, but a cultivated condition, and that the 
parasites have acquired a greater vigour and become more virulent 
owing to the great richness of the plant in nutritive elements. Too 
abundant feeding of our cultivated plants has created a danger which 
the farmer of to-day must face 

Formerly the method of cultivation gave a mediocre and irregular 
yield, and the farmer did not disturb himself Our forefathers were 
fatalistic as to good years and bad years Diseases existed even then, 
but they were not supposed to contribute much to the annual variation 
in the yields In our days they have a much more important role, 
for the cultivation expenses being higher, owing to increased attention 
and to the use of various chemical manures, the yield ought to com- 
pensate for the pecuniary efforts expended. It should be emphasised, 
however, that no amount of chemical doctoring can supply the place 
of efficient cultivation, though a judicious use of chemicals can help 
to reduce the increasingly high cost of labour. 

Exhaustion of the Soil. — In spite of the annual supply to the soil of 
the elements required by the plant for its intensive growth, it is found 
that a time comes when the plant ceases to profit from the nutritive 
elements and thrives no longer. This is due to the fact that the enemies 
of the cultivated plant are accumulated in the soil. The alternation 
of crops or of different plants having consequently different parasites 
is now practised, and where the same plant does not appear m the 
rotation except at long intervals it causes a great improvement in tins 
condition of the soil Rotations would give perfect results in the 
absence of polyphagic parasites * Nematoides, Elaterides, grey and 
white worms which attack all our crops indifferently, and the exaggerated 
multiplication of which operates throughout the most different crops; 
the spores of Ustilaginece (smut, bunt, etc ), which resist the wcatJu^r 
for several years, excepted Against the exhaustion of the soil from the 
exaggerated development of these parasites no efficient remedy exists, 
except disinfection of the soil by carbon disulphide. This must be done 
either in a complete manner, and m heavy doses every ton years, or 
in small doses each autumn. It frees our cultivated fields from all the 
parasites which our methods of cropping have allowed to accumulate 
in too great number. This method finds more adherents every day, as 
it enables rotations to be dispensed with and to cultivate the same plant 
intensively for several years in succession. Artificial manures as w(»ll 
as the metallic salts intended to stimulate the growth of plants sliould 
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be used with discretion, so as not to predispose the plant by a modifi- 
cation of the sap to certain diseases which formerly it escaped. Laurent 
found that bacteria, not parasites of the potato in a normal state, might 
invade it after manuring with lime. The Jerusalem artichoke becomes 
less resistant to the Scle7otina Lihe^'tiam ^ after phosphatic manure. 
These two cases are easily explained, the first by the fact that the 
bacteria seek an alkaline medium created by the liino, the second by 
the fact that the Sclerotma seeks, on the contrary, an acid medium 
created by the acid phosphate Intense nitrogenous manuring favours 
the development of phytophthora. It is thus essential to avoid the use 
of manures which may place the plant in a state of subjection in the 
struggle which it has to sustain against inimical factors 

Choice of Species. — One species may be more subject to disease than 
another, and possess a predisposition for certain pathological conditions. 
That occurs when the conditions favourable to the development of the 
plant are also those which favour the evolution of parasites at the time 
when the plant is young and possesses delicate tissues just when the 
parasites are most virulent. Care must be taken in sowing a plant 
that the germination of the seed does not coincide with the virulent 
development of the parasite, with the ripening of the sport's of fungoid 
enemies, or the hatching of the eggs of certain insects. It suffices to sow 
a little earlier or later. But in spite of all that can be done to (diminate 
parasites, they none the less exist and ravage the tissues. The ctdis of 
the plant, like those of the human organism, react, and it is found that 
after this constant struggle they undergo certain modifications which 
are opposed to the development of the parasite, and the plant acquires 
a certain immunity It is acknowledged that the deposits of tannin 
and other materials m certain cells and the concentration of the sap are 
conditions resulting from the struggle of the plant against insects, and 
destmed to oppose an unsuitable medium to any attemjit of develop- 
ment. Plant diseases do not, therefore, depend solely on the presence 
of a parasite, but as much on the conditions predisposing the plant to a 
want of reactive energy, and it has been found that this predisposition 
was an attribute of certain species or certain varieties. 

Meteorological Influences. — ^Although we arc still badly e(piip})ed 
to struggle against atmospheric influences, each day brings nfiw dis- 
coveries from which agriculture knows how to benefit. Thus fruit 
blossom may he protected against frost, by means of oil-flares. With- 
out neglecting therapeutic methods it is necessary to take incessant 
prophylactic measures to prevent the evolution of diseases and their 
propagation, to treat the seed, the plant, the soil, and the crops by toxic 
products, to destroy the plants invaded, which form hot-beds of infection, 
to avoid the importation of plants from districts notoriously infected. 
Efiort must he made to apply a general treatment to the plant, to remove 
as far as possible all conditions favourable to the growth of parasites. 
The hygiene of the plant must receive careful attention , sowing retarded 
or advanced; the plants protected against eventual frosts and hail; 
drain and lime the soil against humidity, the great predisposing cause 

1 by I’ungus which ravages potato, haricot beans, hemp, 

cucumbers, swedes, zinnias, petunias, chrysanthemums. ^eTwed?/.— Apply soot or 
lime to soil. 
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of cryptogamic diseases, apply appropriate strengthening manures, 
choose hardy species obtained by crossing or by selection, and create 
new varieties combimng great resistance to plant diseases with the 
necessary properties of production. So that the struggle may be 
successful measures must be general. Each cultivator ought to be able 
to work in full knowledge of the cause , he ought to be able to obtain 
information on the nature of the diseases which ho observes, and the 
means which should be used to combat them. All interested should 
be able to act simultaneously over a large extent of territory, a con- 
dition which will alone crown any individual effort with success. 

If one considers that the damages caused annually to French 
crops by injurious insects, according to the calculations of authorized 
persons, amount to several hundred million francs, and that the loss 
due to cryptogamic disease reaches a still higher figure, an idea can be 
gained of the great necessity there is to generalize the methods of 
struggling against parasites, and the necessity of simultaneous action 
by all under the control and the direction of official agents. The 
first order dealing with the protection of crops against injurious insects 
is that of the Parliament of Paris of date Feb. 4, 1732; then came 
the Act of the 26th Ventose Year IV, which rendered obligatory the 
destruction of grubs in general (modified by the Act of Dec. 24, 
1888). It especially prescribes the destruction of the grubs of the 
Bombyx Li'pans chrysonhea, the brown-tailed moth, the agglomerations 
of which in winter and m spring form silky wrappers bowcen the 
branches of fruit trees The Order declares that After the date fixed 
by the Prefect, farmers who have not submitted to the prefectoral order, 
will be liable to a fine of six to fifteen francs, and obliged to pay to the 
administration the expenses incurred by it in grubbing on their domains.*’* 
The panic created by the appearance of the phylloxera in 1863 was 
followed by an efiect which has made itself felt in all branches of cultiva- 
tion. Examination Commissions were formed, a National Agronomical 
Institute was founded m Paris. Chairs of Agriculture were created, new 
laws were passed, the Administration is working with equal solicitude 
at all cultural pests, and it has enacted the measures required to cope 
against the extension of diseases. As a consequence of the International 
Phylloxeric Convention held at Berne, an order of Sept. 10, 1884, 
interdicted the exportation and importation of rooted-up stocks and 
of sprouts (shoots). Then the destruction of insectivorous birds had 
been forbidden Cultivators too often misconstrue their precious 
collaboration in the struggle against parasites. 

Societies for the destruction of parasites have been formed in 
cantons, bureaux of gratuitous information opened, enabling intorostod 
parties to know the disease which ravages their fields, and how to 
prevent it, or combat it, in the most economical conditions. These 
syndicates are cantonal or communal ; their bye-laws must have pre- 
fectoral sanction , ^ their budget consists of the subscription of adherents, 
individual subscriptions, communal, and Government grants. Tlie 
Council of Administration places the instruments, the insecticich's, 
and the anticryptogamic products at the disposal of those interested ; it 
publishes the right times to use preventive or curative processes, and 
gives the detail of the methods to follow; it directs itself at propitious 
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seasons all the operations tending to the destruction of ])arasites, and 
to restore the fertility of the fields through the intermediary of an 
executive committee which has the direction and the responsibility of 
operations Societies have been formed against the ‘‘ Apple-blossom 
Weevil,” against the may-bug (cockchafer, HanHetoH). The annual 
results obtained by some may-bug societies in a yi'ar are as follows 

Seine et Marne . destroyed 282,500 kilogram m(*s A 
Brie Comte Robert „ 101 ,000 „ 

Aisne . . . 13 thousand million cockchafers. 

Bernay dans Eure ,, 148,500 kilogrammes 

These figures are eloquent. However, if they show the useful inter- 
vention of the syndicates established for the destruction of injurious 
insects, they enable us to foresee the results that these syndicates would 
be capable of obtaining if their programme was a broader one, and 
comprised all which concerns vegetable pathogenesis, propliylaxy, and 
therapeutics. Common action organized in this way under wise 
direction will be a perfect method to combat agricultural p(‘sts and 
blights so long as no medical specialists for cultivated plants, with the 
same rank as veterinary surgeons, exist. Bui there is murdi ground 
to be traversed before getting so far as that, the science which should 
guide these medical specialists is only in its infancy, and the most 
important problems are still to be solved. It is, however, m^eessary to 
reach this goal so that this younger sister of medic]n(‘ ap])lied by sp(*mial 
practitioners may render inestimable services to cultivation amf increase 
the prosperity of the country. 

^ Note hy Translator — From the peculiar style of numeiation of French writers 
it IS impossible to say whether 282,500 means 282| kg. or 282,500 kg., that is 282J 
metric tons, which seems impossible Yet even in this country ho great were the 
ravages of Bomhyx clirysorrhea m 1782 that jirayerH weie olTered up in some 
churches for deliverance from the scourge and per hiiHhel was olhned for the 
webs, and so abundant were they in Clapham parish that 80 bushels were collected 
in one day m that parish alone * 



CHAPTER I 


COLD WATER — SUBMERSION — SPRAYING HOT WATER — IMMERSION — 
SPRAYING — HYDROGEN PEROXIDE 

Water, HgO — Water is necessary to the plant (1) as food, (2) as 
solvent of nutritive matters. To a certain extent crops increase in 
proportion to the water used in the cultivation. Want of water injures 
the plant, causes deformities, anomalies, and troubles of which the 
chief are pilosis, excess of hair on the stem and leaves, formation 
of tart substances (piquants), stony pears, lignification of the roots; 
nanisme, potatoes with filiform rhizomes, fall of flower-buds, premature 
drying of the leaves, honey-dew, barren flowers m the case of cereaJs. 
But on** the other hand, if water is useful and even necessary to the 
plant, in excess, however, it is injurious thereto. In the latter case it 
is the cause of the following diseases : fnsolee of the potato, rhytidomc 
of the potato, germination of the same plant before potato lifting, 
hollow fruits, stems and roots, premature formation of seeds, dropsy, 
gourmands, hypertrophy of the roots, cellular rottenness, frondescence, 
phyllodia or chloranthia, asphyxia of the seeds and roots, putridity of 
the seedlings 

Use. — Water serves as a solvent or vehicle for most of the agents 
used to combat plant diseases ; but it can by itself alone serve as an 
insecticide in many cases, and as it is cheap it is profitable to use it. 
Cold or hot water is used as follows, according to circumstances : Cold 
water : Submersion ; spraying. Hot water : Immersion ; spraying. 

(a) Cold Water, Submersion. — Submersion or artificial inundation 
asphyxiates the insects living or refuging in the soil. It consists in 
placing the area of the ground to be treated under water for a period 
of from two to sixty days, according to the nature of the soil and the 
kind of parasites to be destroyed The soil must only be slightly per- 
meable, the ground must not be on a slope, and it must be near a source 
of water capable of furnishing 6000 — 30,000 cubic metres per hectare 
(2-| acres), and to maintain it at that for a certain time. Submersion 
IS not efficient unless it be complete, so that it may soak deeply into the 
inundated ground and be executed under certain conditions. The 
submersion of fields and vineyards is in use in different countries of 
the globe, and everywhere gives encouraging results. The costs of 
submersion aTe not great when near a river from which the water can 
be led ; the expense in that case only amounts to 41 francs per hectare, 
say 13s‘. per acre. But when the water has to be brought by pumping 
machines then it may amount to 200 francs per hectare. Jo this 
amount must be added the cost of manuring, which must be abundant 
as the immersion exhausts the soil Submersion was recommended for 
the first time in France in 1864 for the destruction of insects in meadows 
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and fields. In 1870 the same treatment was applied to vineyards 
attacked by the phylloxera, and lately it has been used to render forests 
wholesome. 

Submersion of Fields and Meadows. — The inundation of ni<‘adows 
and fields destroys the larvse of Colcoptera (beetles, weevils, etc.) and 
the grubs of the Lepidoptera, of which the following arc the most 
important : (1) Melolontha vulgaris ^ (white worm), larvie of the 
may-bug (cockchafer). — Artificial mundations have been in general use 
in Hungary since 1888 to destroy this larva. The meadows are sub- 
mersed for eight days, and after that time all the white worms have 
disappeared. De la Blanchere has, however, seen water remain more 
than a month on ground infested with white worms without these 
being destroyed. That is explained by the fact that the larva of the 
cockchafer, very sensitive to moisture, to avoid contact therewith 
buries itself at such a depth as protects it from inundations. But 
it is only in impermeable ground that the white worm has the time to 
withdraw itself from the action of water. In such ground recourse 
should not be made to artificial inundation but to carbon disulphide. 
During the two years of its evolution, the white worm descends into the 
soil in October, to a depth of about 2 feet, so as to jiass the 'winter, 
beyond the reach of cold, and it is only in spring that it ascends to the 
level of the roots to gnaw at them. According to the habits of this 
insect it is, therefore, in spring and in summer that the ground should be 
flooded (2) Phytonomus puuctaius, Pb. — The larvae of this weevil are 
destroyed by flooding almost at the very outset. In America the cotton 
plantations are flooded to destroy the numerous parasites in the soil, 
(3) Agrotis segetum,^ W.T. (grey caterpillar of the dart moth). — Flooding 
to destroy this insect ought always to take place in summer. In many 
cases flooding of the fields by the excess of moisture exerts a vexing 
effect on plants by retarding the ripening of the crops, or by developing 
adventitious plants or parasitic fungi. It is not so, however, with all 
cibps, and it has been observed that submerged beets have more vigour 
and resist the fungi which ravage them better during drought, such as 
the Phoma tahifica^^th-Q disease of the petiole of the leaves, the Pleospora 
putrefaciens^ or the heart rot, and the bacillus of the bacillary gumrmis ® 

^ CocKCHAFEBS (white-worms). — Lamellicom coleoptcra, the larvje of which 
are polyphagous The common cockchafer is Melolontha v ulo arts . The female 
lays thirty to fifty eggs in the soil, at a depth of 3—7 centimei-res. abey catisc groat 
damage m vineyards, meadows, beet-fields, and gardens The larvae are poly- 
phagous, that IS, gnaw indiscriminately the roots of all cultivated plants. 

® Agbotis (Noctua) sbqetum, the common dart moth.— —The imagos appear in 
the middle of May. They lay in June, July, and August on all low plants, chiefly 
beets, at the level of the collar ; two weeks after laying they are hatched. The 
grubs are typical : dark earthy green, two yellowish lines on each ring, four small 
black spots, length 5 centimetres (2 inches). They pass the winter in the ground 
where they bury themselves deeply ; they awaken in the spring and recommence 
their attacks up to May 

® Phoma tabifioa (beet and mangel rot). — The disease of the heart of the beet is 
m certain cases the result of the invasion of a fungus 

^ Rot oe the Heart of the Beet Pleospora pulrefacien/t.— The rot of the 
heart of the beet may be produced by several fungi. That which is the most 
ordinary cause is the Peronos'pora Schachthf which directly attacks the small 
leaves of the heart and covers them with a Idao flocked surface. 

® Gum. GumTuosis (bacillary of the vine). — This disease is due to the para- 
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of vine. These diseases being less intense after submersion the method is 
advantageous In the asparagus fields of the Delta region of the 
Sacramento River, flooding has proved quite practical as a control 
against centipedes in several cases, the best results having been obtained 
where the fields were kept thoroughly and continuously covered to a 
depth of a foot or more for two or three weeks. 

Submersion, of Forests. — Anderlmd has shown the great service 
which the submersion of forests can render in the destruction of the 
insect ravagers of woods, the larvae of which find a shelter under the 
moss and humus surrounding the stocks In the difierent countries where 
submersion is in use the most dangerous insects only occasion insignifi- 
cant damage, it is therefore one of the most powerful preventive 
measures against great invasions of certain forest parasites. The 
following insects are destroyed by submersion : MelolontM vulgans, L. 
(common cockchafer) . W eevils inj urious to conifers : Hylobius abtetis, ^ 
L. (large spruce fir weevil). The Scolytides so injurious to deciduous 
trees . Hylmnus ^ ater, F. ; H, o^acus, Er. ; E, angustatus, Hb. ; H. 
cumculanus, Kn. The sawjiies, very injurious to comferae, because 
their larvae not only attack the adult needles but prefer to devour the 
young shoots : Lyda campestris^^ L., and L pratensis, L., the larvae of 
which bury themselves in August in the moss at the foot of trees to pass 
the winter there. L. e^ythrocephala, L. (red-headed Lyda), the larvae of 
which hide at the foot of trees in the month of Juno. Lophyrus pini,^ 
the larvae of the second generation metamorphose into grubs in the 
humus of the forest after passing the winter there. Gryllotdpa mlgm 
Latr. (mole cricket). Winter submersion has little action on it, because 
like the white worm it descends deeply into the ground at the approach 

sitism of a bacteria The damage of the tissues consists in a gummy degeneration 
of the wood. It is believed that the disease enters through the pruning wounds, 
for this disease gains ground more especially from top to bottom. 

Hylobius abibtis (the spruce pme weevil). — Brown, red-haired insect, 1 
centimetre long. It appears in pme and spruce forests in May. The females lay 
their eggs at the foot of old trunks. 

^ Hylesines. — ^These are Scolytides, which are distinguished from the bostri- 
chus by their elongated legs and their corselet narrow in front. • The larvae and the 
perfect insects dig burrows in the trunks of trees. Hylesinus piniperda (the pine- 
destroymg beetle) is a black insect, 4 millimetres, which appears in July and 
pierces the bark at the base of plants of a few years’ growth, it there penetrates 
as far as the medulla and ascends the young tree, emptying it as far as the terminal 
bud, through which it issues. The female lays its eggs in the spring in a single 
sinuous burrow made in the liber ; the larvae afterwards excavate lateral burrows 
there. It attacks the Pmus sylvestns (Scots pme), Pinus 'truiritivifius (maritime 
pme), and Pinus laricio (Aleppo pme) 

® Lyda campestris (pme saw-fly) — Black and yellow fly, 2 centimetres long, 
yellow wings, appears in June, and does the same damage to pines as the L 'praUmiH 
does to meadow plants The larva buries itself m the moss at the foot of the stem 
in the month of August, there to pass the winter, Lyda erytiirocepiiala . — 
The larva attacks pme needles and hides itself at the loot of the tree in Juno 
Lydapratensis (meadow saw-fly).— Yellow and black fly, 13 millimetres in length.* 

Lophyrus pini (pme saw-fly).— 1 centimetre long; head black, corselet 
yellow with black spots, abdomen yellow. The females lay thoir oggs inside the 
pme needles , the green larvse gnaw the needles and weave against the leaves small 
cocoons of brownish silk. 

® Gryllotalpa vulgaris (mole cricket).— The mole cricket lives almost 
entirely on insects and their larvai To search for this underground food it cuts 
all roots that hinder it 
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of cold- The following Lepidoptera : Lasiocam2)a pint ^ (or bonibyx of 
the pme), the grub of which hibernates as chrysalis in moss at foot 
of tree Trachea pimperda ^ and Pidoma pinana,^ Jj,, both hibernating 
in ground in the state of chrysalis. Submersion also frees the forest 
from the rodents which undermine it, and which in winter nibble the 
baric of young trees. But if on the plain the difHciiIties of submersion 
arc not great, on the slopes where it is necessary to trace a series of 
parallel channels which flood the ground, by overflowing, this method 
becomes very costly, especially if it is necessary to raise the water by 
means of turbines or pumps. 

Antiphylloxeric Submersion — ^In the beginning of the phylloxcuic 
invasion in 1868, the sands of the dunes (sandhills) were found to be 
unfavourable to the propagation of this dangerous honK)])tera. The 
fact was observed at Aigues-Mortes, where vines planted in the dunes 
remained fl.ourishing, whilst those planted in the neiglibourhood died 
without exception According to Foex the sands exhibited a certain 
immunity to the phylloxera when they contained at least 80 jier cent, 
of silica, but a small amount of clay or limestone suflieed to deprive 
the soil of this precious property It was this immunity of tlie sandjj 
which gave the idea of submersion for the destruction of th(‘ phylloxer 
It had formerly been remarked that long-continu(‘d rain was unfavour- 
able to it, and that it shunned moisture by burying lisidf in th(‘ soil at 
great depths, only dying when the soil was thoroughly soakcMl. EniiiKuit 
vine-growers concluded that submersion might be (‘fli(‘i(mt, and liave 
submitted a part of their vines to this treatment. Idle r<‘sults obl.ained 
were surprising The following table pro])ared by Kaucon giv(‘s an 
idea of the improvement in the crop by the submersion of tln^ vine 


Table I — Showing the Effect of the Sjjsl&nudic Immersion of Vincyurds on ih 
Volume of Wine Produced 


Year. 

Remarks. 

Wine in 
h(‘(itoIi< ms 

Wine in 
gallons. 

1867 

Year before the phylloxera invasion 

1)25 

20,350 

1868 

First year of invasion vines fumigated, non-Kub- 
merged ... 

40 

880 

1869 

Second year of invasion vines fumigated, non-sub- 
merged ... ... 

35 

770 

1870 

First year with submersion without manure 

120 

2,640 

1871 

Second „ „ 

Third year with submersion and manure 

450 

1),9(K) 

1872 

84!) 

736 

, 18,678 

1873 

Fourth „ „ „ „ (fiost) . 

16,192 

1874 

» » „ „ . . 

1,135 

24,970 

1875 


2,680 

58,960 


1 Bombyx pini, Lasiocampa pini (pine-tree lappet moth).— 'riu* female layfl 
on the trunks of the Pinus sylvestris (Scots fir) in masseh of 5(1 eggs wIikjIi Iiatch 
about the middle of August. In the spring, in March or 4 \pril, they re-ascend and 
attack the young shoots, frequently causing the death of the trees 

jNoctua of the Pine. Trachea pimperdn.— Imago IJ centimetres long, 
head, thorax, and upper- wings, red, with yellowish- white spo'fK and lin<-H on the 
latter The abdomen and the lower wings greyish-brown The female lays in 
April on the needles of the Pmus sylvestns (Scots ])inc) 

Fibonia pinabia (phalena of the pine) — Bark brow^h motli ; the upper w ings 
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Henceforth submersion was not slow in firifling numerous partisans. 
It has been practised a little all through France, and its use has extended 
to abroad. At the present time its efficacy is entirely accepted,, and 
also the manner in which it is necessary to operate without injuring 
the submerged plants. In many districts the vines have been saved 
from complete destruction, and in other districts, formerly unculti- 
vated, productive and flourishing vineyards have been created Car- 
margue is an example In this district, where, however, the inundation 
water is charged with salt, submersion presents special difficulties, and 
good outfalls must be organized if it is wished to avoid seeing the salt 
appear at great distances. 

Submersion in Actual Practice. — To submerge certain privileged 
vineyards the water of a neighbouring river may be deflected in part 
and brought on to the land by a natural slope. In countries where 
water is scarce it has to be propelled on to the land by powerful centri- 
fugal pumps working day and night In all cases of winter submersion 
the vineyard is divided into compartments of 4 — 6 hectares (10 — 15 
acres), separated from each other by small dams and communicatory 
through small ditches Before running on the water, care must be 
t^'ken that the surface is well levelled so that the water spreads regularly. 
In very windy districts B^rral advises the vineyard being divided into 
more numerous compartments, the divisions between whicli serve to 
break the waves raised by the wind before they attain too great an 
amplitude. Duponchel, an advocate of underground irrigation, advises, 
in executing the latter, to excavate around each stock so as to lay bare 
the roots of the tree, thus forming as many closed basins which com- 
municate with each other by small channels Water is made to flow 
therein and is imbibed to a great depth by the soil around the stocks 
When the ground is sufficiently wet and all the water has been absorluul, 
all that has to be done is to fill in the excavation with the dry soil placed 
on one side, to spread it and rake it. Submersion is performed either 
in winter or during the active period of the vegetation of the vine 

A. Winter Submersion. — Winter submersion is a ])roc(\ss whicli 
cannot evidently be applied everywhere, and which requires special 
conditions, of which the following are the principal * (1) The ground 
must be slightly permeable, or very permeable but with an imper- 
meable subsoil, such as is met with m the low plains of the French 
coast, and in isolated spots in the river alluvial soils of some of the 
chief watercourses It is evident that too great a permeability of 
soil would require too large a volume of water The daily decrease 
in the level of the water should not exceed a maximum of 10 centi- 
metres (4 inches), a centimetre in depth corresponding to 100 cubic 
metres of water per hectare, say 1404 cubic feet per acre. (2) The 
ground ought to be perceptibly flat or very slightly inclined, a slopi^ of 
3 centimetres per metre (3 in 100) rendering submersion impracticable, 
(3) The vineyard should be situated, if possible, near to a stream of 
water, to an abundant spring, or to an artesian well, for it re(|uires at 

of tlie female are striped with yellow bands, 4 centimetres from tip to tip, the male 
3 centimetres The caterpillars gnaw pine needles which they generally cut through 
the middle, letting one-half fall to the ground The ravag(\s last from August to 
October. 
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least 6000 cubic metres of water per hectare, 84,780 cubic feet per acre. 
During the duration of the submersion, there is a daily loss of water, 
not only from absorption by the soil but also from evaporation into the 
atmosphere. The amount of water absorbed daily and the duration of 
the submersion have been studied by Chauzit and L. Tronchaud- 
Verdier, who have prepared the following table : — 


Table II —Showing the Daily Loss of Water hy Absorption hy Various Sods dimng 

Submersion 


Soil 

Duration of submersion 

Daily loss of water. 

Autumn 

Winter. 

Slightly permeable . 

Pairly „ 

Permeable 

Very permeable 

50 — 55 days 
55—60 „ 
65—70 „ 

90 „ 

55 — 60 days 
60—65 „ 

1 70—75 „ 

90 „ 

1 centimetre 

1 to 4 centimetres 

4 to 7 

8 to 9 „ 


Evaporation into the atmosphere averages 6 millimetres in twenty- 
four hours in winter, though it reaches 10 millimetres m summer. 
(That is at the rate of an output of 1 litre per second per hectare, which 
is calculated in general as the general output of the channels serving to 
irrigate meadows ) (4) The duration and efficiency of the submersion, 
moreover, depends on the climate. It is known that in France it can 
only be practised in the centre and south. In the north the vines would 
have to pass the winter surrounded by ice, which would seriously 
injure them, The duration of the submersion should average sixty 
days in south and thirty days m central France 

B. Submersion During the Active Period of the Vine. — Wh(ire large 
quantities of water are deficient, summer irrigations may be adopted. 
Debray has, in fact, remarked that the phylloxera is killed more easily 
during the active period of the vine, and that the duration of the sub- 
mersion can be reduced to eight days in September, while fifteen to 
twenty days are required in October, and forty to sixty days in winter. 
In this connexion the underground irrigation described by Duponchel 
produces the best effect. So that submersion may be comi)lete and 
efficacious, %,e. so that the water can penetrate 2 feet into the soil, it 
requires 1000 — 1200 cubic metres of water per hectare, say 250 — 300 
litres (55 — 66 gallons) of water per stock. It is executed during dry 
periods, when vegetation is not very active. It has been found, on the 
other hand, that short, repeated irngations lasting forty-eight hours in 
summer, especially if underground, are as injurious to the phylloxera 
as long winter irrigations. Whilst even -three days' immersion in 
cold districts are mjurious, underground irrigations of forty-eight 
hours in the dry regions of the South have a favourable action on the 
development of this plant. The causes, which in the exceptional con- 
ditions of the French climate insure the prosperity of the vine and 
the quality of French wines, are none other than the climate itself and 
the method of culture applied, the hoeing of the soil. It creates on 
the surface of the soil a shallow layer of friable earth, which by break- 
ing the continuity of the capillaries arrests all evaporation from 
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below. The rain-water thus imprisoned in the soil without com- 
munication with the exterior air constitutes that lasting store of under- 
ground moisture, which can only be evaporated by the plant which 
aspirates it by the roots and which loses it by the leaves. The sap 
thus elaborated acquires that peculiar property of being specially 
apt to develop fruits, whilst in moist districts submerged too often 
the more aqueous sap perfectly produces herbaceous vegetation and 
yields few grapes. To produce grapes of superior quality the frmts 
must be developed in a warm medium, and the roots be in a moist 
and warm medium. These essential conditions are wanting when 
prolonged superficial submersion is practised, but are not greatly 
affected by the underground irrigations recommended by Duponchel. 
Superficial sprinkling of the soil never gives useful results as regards 
grapes, but develops branches full of leaves {j>ampres). The superficial 
evaporation of the water so sprinkled by cooling the soil must retard 
the ripening of the crop. Submersions would therefore in general 
be rather prejudicial to the quality of the crop of a healthy vine. As 
a curative agent, they produce, on the other hand, two effects equally 
advantageous, they enable the vine to reconstitute its radicular ap- 
paratus (root hairs) more or less atrophied by the gnawing of this pest 
From this point of view, the irrigation of the vines may be regarded as 
of practical utility, but it should be executed with the greatest of 
precaution so as to modify as little as possible the special conditions 
which insure the quality of the grape. A sufficient imbibition must be 
created to be injurious to the phylloxera, and favourable to the develop- 
ment of root filaments, avoiding all loss of heat by superficial evaporation. 
These conditions are realized by underground irrigation, especially if ii. 
be accompanied by the addition of nitrogenous manures. In spite of the 
good results obtained by submersion and underground irrigation, those 
can only be regarded as a palliative and not as a curative method. Long 
winter submersions, short summer irrigations, do not kill all the phyl- 
loxeras which ravage the roots, and a new invasion always occurs; 
thus the treatment should be annual. To dimmish the number of 
the insects and stimulate the vegetative energy of the plant is not a 
sufficient remedy, and to re-establish the health of the plant it is well 
to destroy the parasites by powerful insecticides, such as carbon di- 
sulphide and sulphocarbonates, at the same time as the radicular 
system of the vine is strengthened by subterranean irrigations. Simple 
submersion along with strong manuring, by stimulating growth by 
moisture and fertilizers perceptibly diminishes the action of the phyl- 
loxera; but it only creates, in reality, a modus vivendz between the 
parasite and the plant. In these conditions the latter may produce 
abundant growth of leaf, but it will only give in the majority of cases a 
mediocre grape. It follows from the interesting researches of Maquenne 
and Deheram, that when a soil is withdrawn from the action of oxygen, 
as happens when it is covered by a sheet of water, the nitrates which 
it contains disappear rapidly, owing to the action of certain reducing 
ferments. On the other hand, Muntz has tried to find out how the roots 
of vines immersed for two months can respire. This long privation 
of_ air ought to be injurious. To prove it, Deheram and Vesque sub- 
mitted vines for fifteen days to immersion in distilled water, and found 
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that they rapidly died, whilst others placed in aerated water were in 
perfect health. It is, therefore, the want of oxygen which in submersion 
may well prove fatal to vines, and that more readily when it is practised 
during the period of activity of the sap. River water used for sub- 
mersion is the best, because it always contains air and nitrates, and vines 
submerged in these conditions resist for two months at least. That is 
an estaMished fact which it is interesting to explain. The above-named 
scientific observers believe that the nitrates reduced by the ferments are 
converted into laughing gas, which contains oxygen, and may support 
the respiration of the roots This reduction observed in submerged 
land may become useful to vegetation, as it prevents the asphyxia of 
the vine It is thus necessary to spread on the land an appreciable 
amount of nitrate if it he desired that the submersion should not injure 
the vine. French vine growers use m fact 600 kilogrammes of nitrate 
per hectare (528 lb per acre), which is in no way exaggerated, hut 
appreciably increases the cost of immersion Certain muddy waters, 
such as those of the Dordogne and Garonne, for example, enable the 
amount of the manure to be reduced a little However, m spite of all 
the care brought to bear on immersion, there are vines which do not 
support the treatment. Espitalier cites the following species which die 
very rapidly : La Carignac, le Grenache, le Mourvedro, la Clairette, le 
Malbec, le Merlot, and in general all the valuable species, whilst the 
Cabernet, the Petit Bouschet, and TAramon accommodate themselves 
well to it. This explains why simple immersion has been replaced in 
large vme-growmg countries like the Gironde by irrigations with 
sulphocarbonate. Another drawback of submersion is that the vines 
planted in low grounds are attacked by all the cyptogamic parasites 
which multiply m moist districts and sufier more therefrom than 
anywhere else. 

Moreover, the following, according to Tisserand, is the increase in 
the use of immersion and of insecticides m the treatment of the vine : — 

Table III — Showing the Increase in Area of the Suhniernion and Insecticidal 
Tientment of Vines in Fiance, 


Year 

Submersion 

Carbon 

disulphide. 

Potassium 

sulphocarbonate. 


Hectares 

Hectares. 

Hectares. ^ 

1880 

8,093 

5,547 

1472 

1881 

8,195 

15,933 

2809 

1882 

12,543 

17,121 

3033 

1883 

17,792 

23,926 

3097 

1884 

23,303 

33,440 

()286 

1885 

24,339 

40,585 

5227 

1880 

24,500 

47,215 

4459 

1887 




1888 

33,455 

00,705 

8089 

1889 

30,336 

57,887 

8841 

1890 

32,738 

02,208 

9377 


^ A hectare is acres approximately. — Tjraks. 
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To sum up, submersion, if of undemable efficacy, is a primitive process, 
with many drawbacks, which should be advantageously replaced by 
irrigations with sulphocarbonate or with carbon disulphide. Amongst 
the antiphylloxeric treatments we should advise, according to circum- 
stances, the following choice * Annual submersion may be applied 
where exceptional conditions combine, accompanying it, however, by 
very abundant manuring. Irrigations with sulphocarbonate and carbon 
disulphide are reserved for de luxe vineyards, such as those of Bordelais, 
Burgundy, and Champagne. Carbon disulphide, applied by means of 
the soil injector, is to be adopted preferably m small and medium 
cultures, and especially where the want of water renders submersion 
too costly 

Spraying. — Spraying with cold water destroys the following jiara- 
sites • Capnodium {Fmiagine ^ or smut of fruit trees) — Sorauer re- 
commends playing a ]et of cold water on the crown of the trees after 
pruning that part. However, this operation must be repeated every 
evening in summer. Capnodium sahcinum, Mntgn (hop black), may 
be prevented by spra 5 nng the leaves with cold water and repeating 
the process several days (Niajels). Tingis pyn,^ Fb. — The pear tiger- 
beetle IS fought against in the same way by spraying night and morn- 
ing under the attacked leaves with cold water, or with a little soap 
added (Montillot) Tetranychus telarius,^ L. (“ red spider ”), which 
forms on different plants a disease called “ la Grise,” is very sensitive to 
moisture and does not stand repeated cold-water spraying long (Thomas). 
Bryohia nbis ^ (gooseberry acarus) may be fought against by frequent 
sprinkling of the leaves Spraying with water can thus be used as a 
preventive against different species of Fumagine or smut [Capiiodimn), 
as a means of killing acari, of which the Tetranychus (red spider) is the 
most widespread and injurious. 

(b) Hot Water acts very energetically on insects and fungi, whicli 
die in contact with boiling water Plants and their seeds generally 
stand heat better. That enables their parasites to be destroyed with- 
out mjuring themselves. 

Resistance of Insects to Heat. — All insects m seed are destroyed 
below 100° C (212° F ). Bruchidese (small weevils, pea-weevils) die 

^ Fumagine Capnodium (smut of fruit trees) — Fumagine is the term applied 
to the black coating which appears on certain plants infested by plant lice or 
coccides (scale insects) The damages caused by this fungus are serious because 
they injure the regular functions ol the leaf, and they, moreover, soil the fruit 
which they render unfit for food The coccis and consequently the fumagine are 
very injurious to tiees, especially in orchards. 

® Tingis pyri Tiger of the Pear-tree — This brown Hat hcmiptora, 3 milli- 
metres in length, appears in June Larv®, grubs, and adults live as one fanulv on 
the lower surface of the leaf oi the young shoots, and riddle them with their i)ri(‘ks. 
The young shoots wither and the leaves brow ii 

3 Tetranychus telarius (red spider so-called) —A red, polyphagous acarus, 
it attacks the most diverse plants, chiefly trees, haricots, peas, clover, pumpkins, 
beets, hemp, hops, roses, limes, chestnuts, willovs, and fruit trees. Jt produces 
the same symptoms on all these plants The leaves, piematurely discoloured, 
copper yellow or red, and eventually wither, to fall before the end of summer 
1 he under surfaces of these leaves are covered with a very fine light tissue and white 
pellicles, in the midst of which the red acarus moves. 

^ Acarus op the CIooseberry. Briohia ribis , — Causes degeneration of the 
buds, leaves, and shoots, making them stunted and clustered. 
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ill five minutes at 60° C (140° F ) Ordinary weevils do not stand 
50°C(122°F.) Grubs touched by water of 50 — 80° C (122 — 176° F) 
die without exception. Coleoptera (beetles) which sometimes stand 
great heat never bear 100° C. (212° F.) (Schribaux, Bussard, and 
Etienne). 

Resistance of Seed to Heat.— Seeds can undergo a dry heat without 
injury, whilst the action of moist heat, and of water ahove GO 0. 
(140° E.) IS often injurious. Seed-corn, with the exception of maize, 
can support a heat of 100° C. for an hour without its germination 
being aftected. In spite of the considerable loss in water which the 
gram undergoes in such conditions, seed- wheat, for example, which 
contained 13 per cent, of water before being heated lost 9*4 of water 
during the operation Their vitality is not diminished Of Japhet 
seed-wheat heated for an hour in a stove at 105° C (221° E.) 97 per cent, 
still germinated; at 115° C. (239° F.) 95 per cent.; at 116° C. (240*8° 
E.) 93 per cent ; at 120° C. (248° E.) 56 per cent. ; at 125° C, (257° E.) 
4 per cent. [Potatoes dipped in boiling water do not germinate.] 

During researches on the Alucite ^ Doyere likewise succeeded in 
heating seed-wheat dried in maiio to 100° C. (212° E ) without it losing 
its faculty of germinating. By previously drying seeds at a low tem- 
perature Jodm heated grains of seed-wheat to high temperatures 
without alteration Peas and garden-cress seed heated directly to 
98° C. (207° E.) for ten hours were no longer capable of germination, 
whilst others submitted to the same heat for the same time stood the 
heat perfectly, after being heated for twenty-four hours to 60° 0. 
(140° E.). The peas retained a germinating capacity of 60 per cent. 
Therefore, if seed be heated in such a way as to allow the water to (wapor- 
ate previously, by heating in an open vessel or in presenee of such 
substances as sulphuric acid, calcium chlori<lo, and quicklinus they 
undergo no alteration. Seed-peas under such conditions stood luxating 
for 206 days at 40° C. (104° E ). 

Resistance of Fungi to Heat. — Fungi spores are gentu'ally remarkably 
sensitive to moist heat, but ^er contra they stand dry heat well, Schind- 
ler found that the spores of the TJ sUlaginecB ^ which resist very great 

1 Alucite. Sitotraga cerealella — ^Moth (tinea) of 6 millimetres in length, 
greyish-yellow, with long filiform antennse. The female lays red eggs in the depres- 
sion of the gram of wheat ; before harvest the caterpillars penetrate into the interior 
of the gram stored m the granary where they finish their development ; they gnaw 
the whole interior and only respect the epidermis After having emptied the inside 
of the gram they there weave a cocoon and are converted into chrysalides. The 
temperature of the heap of wheat attacked increases 10° 0. (50° F ). 

^ UsTiLAGO. — The mycehum of the Vsiilaginece lives in the interior of the plant; 
it gives rise to numerous fertile branches, inside which the spores are formed, 
which detached form a black powder These are the dormant spores. Ushlugo 
Maydis (maize smut) may directly invade the young tissues of the adult jilant 
None of the other UsiilaginecB can enter the nurse plant except at the birth of the 
latter. The mycehum which develops forthwith in the tissues of the seedling on 
the level of the ground, extends gradually into the whole plant without perceptibly 
affecting the growth of the latter It afterwards traverses the whole nurse plant, 
and whilst life is gradually extinguished in the lower parts of the plant it concen- 
trates itself towards the top and arrives at maturity in the ears at the end of the 
period of growth of the plant. The spores of Tilhtia are enclosed at harvest time 
in the interior of the rusted gram and are almost all earned to the granary where 
they are spread over the corn during threshing. 
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dry heats, are rapidly injured if the hot medium is saturated with water 
vapour 111 these conditions the spores of black rust perish at 60° C. 
(140° F.), those of brown rust at 45 — 50° C (113 — 122° F ). Herzberg 
has compared the resistance of spores of different ages to the action 
of heat, and found the following temperatures as those at which they 
succumbed — 


Table IV.— Showing the Temperatures at which the Spores of different Species of 
Ustilago are Killed 



U Jensenii 

U Avenae 

U Perennans 

U Kordei. 

U. Tritici 

Old spores . 
Young spores 

“C 

47— 50V 
50—53" 

45J^7J 
50l— 53^ 

°C. 

401—42 
47|— 50.V 

°G. 

431—45 

451—47] 

40 —471 
451—47] 


It follows that the young spores are more resistant than the old 
ones, and that the temperature required to destroy the vitality of a 
spore IS not the same for spores of different species. 

Use. — The sensitiveness of parasites to hot water and the com- 
parative resistance of plants have permitted the use of different treat- 
ments, especially preventive, to free plants from certain diseases. 

Immersion or Steeping. — This consists in dipping seeds or jilants 
in hot water to free them from disease germs adhering to their surface. 

Hot Water Steefing of Seed-corn to Kill Disease Scores — Steeping 
seed-corn in hot water is practised before sowing to destroy the dormant 
spores of smut and bunt, which adhere to their surface and help to 
propagate these diseases. Brefeld, observing that cold water was 
injurious to the development of the spores of bunt, tried washing seed 
with cold water, and so obtained an appreciable but incomplete result. 
On the other hand, hot water has been recognized as deadly to the 
spores of these fungi, and treating the seed by hot water would wholly 
suppress cryptogamic diseases if the seed formed the sole factor of their 
propagation. To get satisfactory results steeping the seeds in hot 
water should be done m a strictly scientific manner. It is only effi- 
cacious if the temperature of the bath has been rigorously maintained 
at a certain degree A greater heat than that required to kill the spores 
should be avoided, for it will appreciably dimmish the germinativc 
capacity of the seed, and may even destroy it. If there be a difference 
of sensitiveness between the seeds and the spores as regards heat, 
it IS so small that a difference of a few degrees may be fatal. A low 
temperature should also be avoided, as it favours the disease instead 
of preventing it. Warm moisture helps, in fact, a premature develop- 
ment of the spores. The promycehum and the sporidia formed then 
attack the young plant as soon as hatched. It is a known fact that 
bunt as well as smut are more injurious to the plant the young<‘,r th(‘y 
attack it. When well done, steeping in hot water imparts to the seed 
in many cases a greater germinative capacity, so that the plant has 
acquired a certain development when the spores which have esea})ed 

^ To bring to Fahrenheit, multiply by 9, divide by 5, and add 32. 
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the treatment germinate. That is one reason in favour of steeping; 
the other methods of treating seed generally retard their germination. 
Steeping gave in certain cases results which it had been impossible to 
obtain by sulphatmg (Kuhn’s), and it is in such particular cases that 
its use is prescribed, in spite of the difficulties of carrying it out which 
the farmer has to face in a peculiarly complicated plant, and the minute 
practical care required to secure a good result. B. Prevost was the first 
to observe that steeping seed-corn m hot water diminished the power 
of contagion of smut Jensen studied this treatment with great care 
and perseverance, and other investigators confirmed Jensen’s very 
precise observations and conclusions. The following, according to 
Eriksson, is the manner in which Jensen’s method should bo applied 
on the large scale. The operation requires (1) A boiler or large pot in 
which to boil water. (2) Three tubs No. 1 for hot water, No 2 for 
tepid water. No 3 for cold water (3) Two willow baskets, completely 
lined inside, including the hd, with bolting cloth. (4) A thermometer. 
After having prepared a certain amount of boiling water, 50 litres 
(11 gallons) are withdrawn and run into the first tub, which is cooled 
to the desired temperature with 40 — 50 litres (9 — 11 gallons) of cold 
water. In the second tub about 20 litres (4*4 gallons) of boiling water 
are mixed with 80 litres (17 6 gallons) of cold water so as to get a tem- 
perature between 25° and 30° C. (57 — 86° F,). Cold water is run into 
the third tub. The seed to be treated is placed m baskets, the lids of 
which are carefully closed so as to enable them to be comjiletely im- 
mersed. Each basket contains about half a bushel of seed. After 
firmly attaching the basket to a stick it is plunged, first in the cold water 
to moisten the gram completely, then the same operation is repeated 
in the tepid water, taking care to raise up the basket and re-dip it several 
times. Finally it is dipped for five minutes in the hot water, raising 
and lowering the basket. The operation is finished, and th(3 grains 
so treated can be immediately sown by hand, or they may well bo 
spread out to dry. It goes without saying that it is necessary to dis- 
infect the boards on which the grain is spread perfectly, as well as the 
bags to contain it, by hot water, Bordeaux bouillie, or simply a solution 
of sulphate of iron. With three men and two baskets 400 — 500 litres 
(11 — 13| bushels) of grain may be disinfected in an hour. Kellennann 
and Swingle have simplified this process by dispensing with oiui of the 
three tubs, the cold water one. They only use a tub of wat(‘r at 43— 
54° 0. (109-4 — 129-2° F.) and a tub of water at 56° 0. (132-8° F.). They 
use a basket of wire gauze of a capacity of 36 litres, say 8 gallons, which 
they only half fill with grain, or simply a canvas bag Tluiy first dip 
the basket for a minute in tepid water to warm the grain, tlien fifteen 
minutes in hot water at 56° C. They consider it useless alternately to 
raise and lower the basket into hot water. Each cereal is attacked 
by one or several species of rust, and it is necessary to examine the 
action of Jensen’s treatment on each of its parasitics, UUilago Hordei^ 
Bref., on barley {Hordeum vulgare) and Ustilago Jensenii, Rost, ^ on 
barley (Hordeum distichum). The steeping of grams of barley exhibits 
certain difficulties when these are still surrounded with glumes. By 
ordinary steeping, the spores between the grains and the glumes are 
not killed even if the water is raised to 60° 0. (140° F.), whilst in an 
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atmosphere containing the vapour of water, Jensen has observed destruc- 
tion to he complete at 62^° C. (126i° F ) Eriksson got excellent 
results by softening them for hours in cold water before steeping, and 
allowing them to swell for four hours in an aerated place, afterwaids 
bagging them up. It suffices, therefore, to immerse the grain for five 
minutes at 52-5° C G26J°F., Jensen), at which heat all the spores 
perish. The water can, without fear of diraimshing the gerininative 
opacity of the seed, be heated up to 60° C (140° F ), barley standing 
that heat without injury. According to Kuhn, it is injurious to leave 
the grain for twelve hours m cold water before proceeding to the (hot) 
steep, but by not exceeding four hours Sorauer found that such was 
in no way injurious to the development of the seeds. Kellermann, 
Swingle, and Kirchner dispense entirely with the first immersion in 
cold water, and claim to have obtained satisfactory results by one dip 
in hot water at 52-6° C. (1 26|° F.), even if the grains be glumed. Kirch- 
ner found that after a dip of five minutes in water of 66° C (132-8° F.) 
grains of seed-barley germinated thus . — 

Table V. — Showing Effect of Steeping Seed-barley in Hot Water on Oci tniiuiUve 

Capacity, 

Germinated (ilernimaied 
after two days after ton days. 

Per cent Per cent 

Treated 74*5 08 0 

Untreated GO 75 07 0 

Besides the disinfectant action there is thus an evident increase 
in the germinative capacity of the seeds. 

Ustilago Tnticij Jensen (smut of wheat, Tnticmn sativum), Tdlelia 
caiies, TuL, stinkng smut” or "‘bunt” of wheat, TiUciia Ictus, 
Kuhn (loose or flying smut of wheat). — According to Herzberg, the 
spores of Ustilago Tntici are destroyed at a temperature of 48° 0. 
(1184° B.), and those of Tilletia do not germinate after immersion in 
water of 55 — 56° C (131 — 132*8° F). By treating wheat grain by 
one immersion of five to fifteen minutes in water of 56° C. (132*8° F.), 
Sorauer obtained the following results — 

Table VI. — Result of Steeping Seed-wheat in Hot Water dujing different Penods 

of Time 

87 per cent of plants which gave 
5 17 per cent of “ bunted ” ears. 

91 per cent of plants which gave 
0 225 per cent, of “ bunted ” cars. 

87j per cent of plants which gave 
0*157 per cent of “ bunted ” ears. 

87i per cent, of plants which gave 
0*071 per cent of “ bunted ” cars 

By treating the gram with 0 5 per cent of blue vitriol he obtained 
86^- per cent of plants. It may therefore be inferred that an immersion 
of five minutes sufiices, and that it has an advantage over blue vitriol 
because it stimulates germination instead of retarding it like the latter. 
Klebahn, however, is of opinion that immersion has no advantage over 
vitriol steeping, and Kirchner asserts that it diminishes the germinative 


Untreated grain . 

Gram treated five minutes 
„ ten minutes 

„ fifteen minutes 
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power. Selby found that the same result was got by immersion as by 
treatment for twenty-four hours with a solution of 0 5 per cent of blue 
vitriol, 0-2 per cent, of formalin, and 0 75 per cent, of i)otassium 
sulphide When wheat is immersed on thc^ large scale against bunt 
it is well to dip the grain first in water, skim it, and cast aside all those 
grains which float. These are precisely the bunt-infested ones. Those 
which lie on the bottom of the water are alone dipped in the hot water. 
Ustilago Avence, Rost (loose smuts of oats, Ave?ia safnrf ) ; Ustilago 
perenmns, Rost (smuts of oats, Avena elahor ). — The spores of Uslilago 
Avence stand air heated to 52° C (125*6° E.), but they do not stand 
dipping in hot water at 54 — 56° C (129*2 — 132*8° P ) (Sorauer). Kirch- 
ner found that seed-oats treated in that way gave the following results 
against untreated : — 


Table VII — Showing Effect of Steeping Scecl’Oait in Hot ]Yakr on Gennincilive 

Gapaciiy 


Treated 

Untreated 


Germinated 
in two days. 
Per cent. 
24*75 


{)*75 


( ierminated 
111 ten days. 
Per cent 
84*5 


81*75 


Treatment on the large scale lowers the percentage of dis(‘asod plants 
to about 0*2 — 0*7 per cent (Eriksson). According to Kellennann and 
Swingle, a fifteen minutes’ dip in water at 55*6° C. does not alt(‘r the 
germinative power of oats, and all authors agree in saying that tlio 
immersion of seed-oats is better than treatment with tilue vitriol, 
because it stimulates instead of retards the germination It is tlierefore 
from this point of view a useful discovery, and Klobahn is of opinion 
that this treatment, general for all other cereals, is prescribed for oats. 

Urocystes occulta, Rabenh. (smut of the stems of rye) — By imm(‘rsing 
seed-rye for five minutes in hot water Kirchner obtained against 
untreated grain the following results : — 


Table VIII. — Showing Effect of Steeping Seed-rge m TIot Water on (lermimtioe 

Capacity. 


Treated 

Untreated 


Germinated 
in two days. 
Per cent. 
91 

95 25 


(JeTnunat(*d 
in ten flaya. 
l*er cent. 
95 5 
98 0 


Trials on a large scale hy Klehahn did not give better results. The 
immersion of seed-rye presents no advantage in this case over treat- 
ment with blue vitriol, because it retards germination like the latter. 

Ustilago Pamci-MiUacei,^ Wint. (smut of millet). — Treatment with 
blue vitriol or immersion may he employed indifferently, as they both 
give the same results. The millet seeds must be left seven and a half 
to twelve minutes in water at 55° C. (131° F.). 

1 Ustilago Panici-Miliacei (smut of millet). — ^I’his invades all the parts of 
t le nower oi millet and damages them. The spores are formed m the inflorescences 
when they are yet enveloped in the sheath of the top leaf. 
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Ustilago Maydis,^ Corda (smut of maize). ~Ni] pels prescribes tlie 
immersion of maize by Jensen’s metkod, it gives good results 

Ustilago homivom, Fisch. (smut of brome grass, Broynus mvensis), 

According to Rostrup immersion has also been tried with success 

against this disease. 

Sphcerella Tulasnei, Junez (black of cereals, Cladosponum lier- 
hanum ), — Giltay prevented the development of this disease by immer- 
sion in hot water. Kolpin Kavn prevented it entirely on barley and 
oats by Jensen’s immersion at 52 — 53° C (125*6 — 127*4° F ) for five 
minutes, after previously softemng the gram for fifteen minutes m 
cold water. 

Fuccima ^ (rust of cereals). — The numerous experiments of Galloway 
in America to dimmish the rust of cereals by dipping the seed for fifteen 
minutes into water heated to 56° C (132*8° F ) have not given the result 
anticipated The treated seed gave as many diseased plants as the 
untreated. That is due to the method of development of the fungus, 
which does not appear, in fact, to propagate itself through the seed. 
Immersion has also been used to prevent beet diseases, due to fungi 
propagated through the seed. These diseases are Pythimn de Baryamim, 
Hesse , Rhizoctima violacea ^ Tul. (beet Rhizoctone) ; PJioma tahifica, 
Pril. et Del. (disease of the petioles of the leaves) ; Pleospora putrefacievs, 
Frank, (rottenness of the heart). Jensen’s method has given excellent 
results, audit follows from the trials made by Hollrung that immersion, 
instead of injuring the seed, on the contrary stimulates their germination. 
Treatment with cold water greatly increases the gorminative capacity 
of beet seed ; but it must not be kept ninety days after immersion before 
sowing, because the efiect gradually disappears. If the seed be sown 
soon after immersion an excellent result is obtained with very few 
diseased plants. The procedure is as follows . The seed, in a wire- 
gauze basket, is immersed for six hours in cold water, left to drain ten 

1 Ustilago Maydis (smut of maize). — ^This smut attacks the fructified maize, 
not only m the floral bracts where it forms large, unshapely smutty tumours on 
the panicles of the male flowers, but also on the stems themselves where the amassed 
spores form bulky excrescences. 

^ PiLccima. Rust O'B Cereals — At least three different species of rust arc 
to be seen on gram crops They are uredinse which are termed hetcroic because 
during their cycle of evolution they must live on nurse plants of different ordojs 
The uredmae are parasitic fungi the mycehum of which grows exclusively in the 
interior of the body of green plants Their spores are generally formed under 
the epidermis of the nurse plant, whence it spreads outwards through the tearing 
of the epidermis which occurs. It is from the orange-brown colour of their spores 
that the uredmse are termed rusts. The leaves charged with rust spots are soon 
exhausted, they turn yellow and die prematurely. 

Puccima gramims, — This rust attacks wheat, barley, oats, a host of common 
grasses, such as meadow grass, couch grass, dactyla, agrostis, foxtails, festuca, 
etc. It IS the most dangerous rust of ceieals. It particularly attacks the leaves, 
their sheaths, and the stalks (straw). 

Puccima coronata , — ^This rust is peculiar to oats. It has the uredo and fiuccinia 
forms on oats, but the secidium form on different plants of the Rhanmarecc, par- 
ticularly buck-thorn and black alder. 

® Mhizoctinia, — Parasitic fungi which develop on plant roots, penetrate into 
their interior, and kill them Their vegetative system is highly develoxio<l and 
enables them to pass in the soil from one root to another Sclerotos, sorts of 
tubers, enable them to live a latent life when outside conditions are unfavourable 
to their development. 
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to twelve hours in an airy place, then dipped for five minutes into water 
heated to 53 5° C (128-3° F.)* taking care to clip and raise the basket 
at regular intervals Nothing further is required hut to pass the seed 
into a hath of cold water, and it may be sown at once, or after standing 
for not more than ninety days Summing up, Jensen's method some- 
times gives results inferior to treatment by blue vitriol, because it 
scarcely ever diminishes the germinative capacity of tlie seed treated; 
it is only really prescribed for the disinfection of sc'od-oats, for the results 
are undoubtedly superior. For all other cereals blue vitriol, Bordeaux 
bouillie, or potassium sulphide may be prescribed Th<‘ latter process 
was recommended by Jensen himself in 1895 (‘'(k‘res ” powder) as 
capable of replacing immersion 

Immersion of Seed against Insects. — Ph/lloxo a.— Balbianfs re- 
searches on resistance of phylloxera eggs show that n on-rooted buds can 
be treated preventively by one dip of five to ten immites in water heated 
to 45 — 50° C Experiments renewed in 1887 by G. Couanon, G Henne- 
guy, and E Salomon confirm the results obtained. This method is 
currently used to-day. Not only does it cause no prejudice to slips 
catching root, but it seems, on the contrary, to facilitate it And the 
importance of this treatment is so much the greater as it follows from 
determinations made in Algeria (1885), in Champagne (189U) and m 
Lorraine (1894), that new phylloxera hot-beds have no other origin 
than plants coming from countries infested with this formidable insect. 
G. Couanon and J Michon resumed the same experiments and extended 
them to rooted plants which are most frequently used in the recon- 
stitution of vineyards. Rooted Noah plants, dipped for three, four, 
and five minutes in water at 53° C. (127-4° F) (bTC. at the exit, 
123 8° F.), were planted at the same time as test samples. They took 
root completely, as well in the greenhouse as in the open air, and the 
vines grew very finely. Dipping in water at 53° 0. (127-4° F ) is thus 
a practical and economic method for disinfecting vines, rooted or not, 
for it kills at the same time both the insects and their eggs. It has 
also the advantage over the sulphocarbonate treatment recommended 
by Mouillefert, that it does not require, like this latter, two to three 
hours, and has no injurious action on the plants (Balbiani). Disinfec- 
tion by hot water gives very satisfactory results; the same process 
has been used for other fruit trees intended for sale, and eoecides, 
the woolly aphis, ^ and other injurious insects, have been simultaneously 
destroyed According to Danesi, all fruit trees, the jieach excepted, 
stand very well being dipped for five to ten minutes into water at 53° C. 
(127-4° F ). To ensure complete disinfection the whole plants must be 
entirely dipped into the water at 53° C. (127-4° F ), and dried in the air 
on a copper grating. They can then he packed in disinfected moss 
and despatched. 

By'uchus Pisij L (pea-weevil) — To kill this insect Fletclier recom- 
mends the following method : A vessel is taken which is half-filled 
with the infested peas, and boiling water poured on until th(^y are 

rru ^ Schizoneura lanigera (also known as ISriosoma lamgauim ), — 

^ like the phylloxera, lives as well on the roots as on the aerial part 

01 the plant, but it prefers the branches to the roots. It especially attacks 
the apple-tree The diseased condition of the trees is known by their perishing, 
and their leaves which rapidly turn yellow and fall during summer. 
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entirely submerged The vesssel is then filled with cold water and 
left to stand for twenty-four hours The peas which do not suffer 
from the treatment and which are entirely freed from the insects they 
sheltered can then be sown De la Bonnefon advises dropping the peas 
into water and leaving them there for some hours. The peas which 
remain at the bottom are put into an oven the temperature of which 
IS 60° C. (140° F.). After some time they are taken out and then sown. 

Hot Water Spraying. — Spraying plants with hot water has not 
only been used to destroy injurious insects, but also to cause certain 
fungi to disappear, such as the Erysiphece ^ or mildews, which crawl on 
the surface of the epidermis without ever penetrating into the interior 
of the tissues. It is owing to this peculiarity that they can be destroyed 
by hot water. The leaves of plants stand without injury sprayings of 
77 — 85° C. (170-6 — 185° F ), whilst at that temperature the mildews 
disappear entirely. The roots alone of the plant must be protected, 
because they suffer from contact with water at that temperature. 
Hot spraying has been used against the following mildews : Uoicinula 
amencana ^ How. (oidium of the vine) ; Sphcerotheca ‘pannosa, Lev. 
(mildew of the rose bush) , Sphcerotheca Castagnei^ Lev, (mildew of 
the hop). 

Hot Water Treatment of Soil against Woodhee. — ^Where apparatus 
is available for the distribution of water at a high temperature in glass- 
houses, the treatment is undoubtedly the most radical in the control of 
woodlice. To determine the effect of temperature on these woodlice, 
a thermostatic bath was employed. In this was placed a vessel con- 
taining soil into which the woodlice could be introduced. With the 
water in the thermostat at 147° F., the soil at an internal temperature 
of 146° F., and with a surface temperature of 124° F., all woodlice 
introduced on the soil surface were killed in 30 seconds. With the 
thermostat temperature at 140° F , the soil internally at 136° F., and 
the soil surface at 108° F , woodlice similarly introduced were killed 
within two minutes. Woodlice dipped for half a second in water at 
149° F , died within a few minutes after immersion. These experiments 
show that the Atmadillidimn vulgar e is easily killed by water at com- 
paratively low temperatures and accounts for the efficiency of the hot- 
water treatment 

Hot water has found numerous applications against insects very 
sensitive to heat. Galeruca ^ of the elm , Formica, ants , Piendes ^ 

^ Eevsiphe.®. M ildews . — ^Mildews form on the leaves and on the younfr parts of 
the plants powdensh, whitish spots. The mycelium of the mildew is always 
superficial, it crawls on the surface of the epidermis without penetrating into the 
interior of the organs It sinks its suckers m the epidermis. 

^ Oidium op the Vine. Unciriula amencana, Oidiam Tucleri — The mycelium 
of this fungus lives on the surface of the plant and draws its nourishment from the 
cells of the epidermis by numerous suckers. The organs attacked are rapidly 
altered, the extremities of the young shoots wither, the leaves shrivel up and die, 
but the effect is still more deadly on the grapes, which crack and rot. 

® Galeruca op the Elm. Galeruca clama^iensis — The larva of this insect 
is as injurious as the perfect insect. The eggs laid on the leaves hatch in May ; 
the larvie, very voracious, reduce the leaves to skeletons up to the time they 
nymphose The parenchyma of the leaves being gnawed the veins alone persist, 
and the leaves, reduced to a skeleton, soon fall 

^ PiERis BRASSicjE PieriH rapcc (large white cabbage butterfly, small white 
cabbage butterfly). — ^They are white, diurnal, well-known butterflies. The former 
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of the cabbage, Gochylm 'pyralis of the vine , Cabbage lice , Diaspmes, 
coccides, red spider. 

Galeruca calmanensis (Gderuca of the elm). — To destroy this 
insect, Robert sprays the stock and the lower part of the trees with 
boiling water The time selected for doing so is when the larvae are 
being transformed into grubs around the stock, ^ e about the end of 
July or beginning of August 

Formica (ants). — Boiling water destroys ants. It may be used 
whenever there is no risk of touching the roots, which do not stand hot 
water at that temperature. 

Fiens [Piendes of the cabbage) — ^When they are not destroyed 
when they are small, the grubs of Piendes (white butterflies) so ravage 
cabbage as to render them unsaleable. Riley has observed that the 
grubs die when they are sprayed with water at 55° C. (131° F.), whilst 
cabbage leaves do not suffer at that temperature. 

Gochylis amhignellat Hubn {Gochyhs of vine) , Tortryx vitana 
(Pyralis of vine). — Scalding is the best method of destroying these 
insects. It consists in spraying the stocks with boiling water when vege- 
tation is arrested, and when the insects have chosen the fissures in the 
bark as a common refuge. Raclet having found all the advantages 
of scalding, advised its use, preferably in March or April According 
to the researches published by Terrell des Chenes, it lias been definitely 
decided : (1) That scalding, even when applied ten years running, did no 
harm. (2) That it not only destroys Pyralis, but also many other 
insects of the vine (3) That it also destroys the vegetable parasites 
of the vine, mosses, lichens, etc (4) That it stops the growth of adven- 
titious buds along the old wood which is a loss of sap for the stock 
and thus saves pruning However, m spite of the excellent results, 
this method is practised very little, and that because it requires a litre 
of boiling water per stock, and it is not easy to use such large quantities 
in the middle of a field. For some years scalding of vines has become 
common by an improvement m the apparatus. The water is now 
heated in a portable boiler fitted with two lugs by which it can easily 
be earned. When the water boils the workman is warned by a whistle 
on the safety valve. He then fills a sort of tinned-iron coffee-pot 
holding a litre, and covered with cloth, or better still with a double jacket, 
so as to prevent cooling. The water must be at 80° C. (176° F.) at the 
time it touches the stock for the destruction of Pyralis, and 90 — 100° C. 
(194 — 212° F ) for Gochyhs, so that it may penetrate the silky cocoons 
which protect the small grubs. To increase the temperature of the 
water carbonate of soda may be added; 5 or 6° C. (9 — 10*8° F.) extra 
are thus obtained which make up for the exterior cooling. In emptying 
the cofiee-pot entirely on each stock the workman must act rapidly. 
He should with the drawn-out spout of the coSec-pot pour the hot water 
on the stock, rising in a spiral from the bottom, so that the water at 
the required temperature penetrates into all the interstices of the bark. 
The operation must be performed from below upwards, for if scalding 
was begun from the top of the stock the excess of water, perforce 

female lays its eggs in J une on the surface of the cabbage leaves where these masses 
form plates of a white colour; the female of the second lavs its separate eggs in 
packets, ^ i oo 
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cooled, would flow over the lower parts and fill the interstices; the 
boiling water poured afterwards woidd have no mortal eflect on the 
insects on the bottom of the stock, because they would not receive it 
directly. This precaution is particularly necessary in treating old 
vines, because these are generally the refuge preferred by grubs owing 
to the roughness of the stock Two workmen suffice to carry out the 
scalding, one feeds the fire and fills the boiler as the boiling water is 
drawn off, the other runs the hot water into the coffee-pots and pours 
their contents on the stocks Working thus, 1500 — 2000 stocks can 
be treated per day. The boiler consumes about 200 kilogrammes 
(4 cwt ) of coal per day. To diminish the labour, large boilers are also 
used, with taps to which india-rubber tubing is attached ending m a 
nozzle, with intermittent jet. This nozzle which projects the water 
on the stock has the advantage of penetrating deeply into the cracks 
of the bark. This process, though preferable to others, is only used 



Fig. 3. — Portable Boiler 

in large vineyards. Scalding should be done after the vintage when 
the grubs have taken refuge in the bark, and before they have assumed 
the chrysalis form, for the latter is not so sensitive as the grub. It 
is carried out as soon as pruning is finished and preferably in calm, fine 
weather. To combat the Cochylis it is necessary to operate in October 
or November, whilst the grub has not yet finished its cocoon; against 
the Pymhs, which remains all winter as a grub, proceedings can be 
taken all winter up to May before escape from the cocoon. In districts 
where props pe used these are boiled by placing them in cases, into 
which steam is injected for eight to ten minutes, or by steeping them 
in boiling water for five minutes. Scalding carefully done with water 
at the temperature indicated is always efficacious, and has no injurious 
action on the vines if care be taken to perform it before the appearance 
of the bud. It is recognised that of all the treatments adopted against 
the Py rolls, scalding is still that which succeeds best. But it must be 
carried out with a certain regularity each year, otherwise the butterfly 
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would again appear. This is the treatment which succeeds best against 
the Cochyhs, provided it be done from October to November. 

Margantia histnomca, Hahn (the red cabbage bug) — Murfeld has 
shown that these small bugs do not stand water heated to 65*5'" C (150° 
F ), a heat which does not alter cabbage leaves Coccides ^ also suffer much 
from treatment with hot water Reh found that generally they did 
not stand a great heat. Water at 54° C. (129*2° F ) kills them in forty 
minutes and water at 55° C. (131° F) in twenty-two minutes; water 
at 60—65° C. (140—149° F ) kills the apple coccis, Aspidiolm ostrea- 
and the pear coccis, Bias'p^s 'pincola, but most coccides stand 
a greater heat. The scalding of trees m winter is, therefore, an excellent 
method of freeing them from all these parasites. 

Tetmnychus telanus, L. (red spider). — In November this acarus 
takes refuge under the bark of the stock. The hot-water treatment 
can then be applied. The scalding executed as described above to 
destroy Pyrahs can at the same time get rid of the rod spider. 

Hydrogen Peroxide, H 2 O 2 . — Preparation. — By decomposing bai’ium 
peroxide by hydrochloric acid in the cold and then precipitating the 
baryta by sulphuric acid. 

JBaOa + 2HC1 = BaClg H- H^Oa. 

Barium Hydro- Barium Hydrogen 

peroxide chloric chloride. j>eroxide. 

acid. 

Properties. — Hydrogen peroxide is a colourless syrujiy li([ui(l. A 
heat of 27 — 30° C. (80 6 — 86° F.) and light dccom])os(‘ it into water 
and oxygen. Aqueous solutions are very unstable but a small amount 
of sulphuric acid gives them stability 

Use. — The numerous applications of hydrogen peroxide in human 

^ Coccides or Cochineals (plant lice, bark lice, scale insects, kermes) —These 
homoptera much resemble the “ puoerons ” by their manner of living. After 
hatchmg, these insects show great agility , then the apterous females fix themselves 
either on the young shoots, the leaves, or the trunks, sink their rostrum in the 
tissues and never move agam The body is ovoid, globular, and resembles a small 
excrescence of the bark. The female lays its eggs under this shell and dies, forming 
with its carapace a protecting shelter for its progeny ''J’hc mo.st common are the 
following — Coccus of the A'pple {Mussel scale) {Mytilaspzs fomornm), ( Aspuhotus 
conchiliform). — The shield resembles a small mussel shell. It attacks apple trees. 
Coccus of the Peach {Lecamum Persicce) — Very frequent on peaches in May and 
June Coccus of the Pear-Tree (Aspxdiotus osii eaformis) (the pear-tree oyster 
scale) — One of the most common, distributed on. the branches of fruit trees, especi- 
ally apple-trees, where it forms small greyish spots Coccus of the Pear-Tree 
{Dms‘p%s piricola), — ^Analogue of the coccus of the appic-trec; the coccus of the 
pear-tree has a red colour and not yellow like that of the a])}ilo-trce, a colour which 
IS discerned by lifting the shield with the blade of a knife. Coccus of Pan Jose 
(San Jos6 louse) {Aspidiotus perniciosus). — It much resembles the preceding, 
and exercises its ravages, especially m America, on both fruit and forest trees. 
Coccus, White, of the Lemon-Tree and Orange-Tree {Laciylopius citn). — Its brown 
body IS enveloped in a white waxy secretion ; the trees attacked look as if covered 
with cotton. Coccus, Red, of the Vine {Coccus Vitus or Pulvinana Vitus) — The 
red coccus of the vine has the appearance of a reddish-brown shell, at the time 
of laying, it secretes a whitish cottony substance which forms above the body a 
sort of cushion very apparent. Coccus, White, of the Vine {Dactylopius Vitus), — 
The white coccus of the vine, contraiy to the red coccus of the vine, never fixes 
itself and lays its eggs several times. 
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medicine led to the expectation of good results in the treatment of 
plant diseases with this product. Hitchcock and Carleton tried 
hydrogen peroxide in solution of different strengths on the uredo- 
spores of Puccmia, but a solution of — 

Table IX — Result of Treating Pucctma Uiedos'poies luith Hydrogen Pewtide of 

Vanous Strengths 

0 1 per cent acting during 7 hours on spores of Puccinia, giaminis, Pers 


1 0 „ 

17 



Paccinia Rabigo veui}- Wint 

3-0 „ 

14 

>> 


Puccmiu coroyiaLa, Corda 


far from destroying these spores rather favoured their development 
than otherwise. 

^ Puccima Riibigo veia (Rust, Spotted). — The uredo pustules formed on the 
leaves and the stems of cereals are moie oval than those of the linear species 
It IS the rust of wheat, although it also attacks rye and barley 
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HYDROGEN SULPHIDE — SULPHUR 

Hydrogen Sulphide (Sulphuretted Hydrogen, HoS).— Preparation.--- 

By decomposing sulphides by a dilute acid. Iron sulphide is generally 
used. It IS dropped in pieces into a 'Wolil’s flask, two-tliirds filled with 
water. By running in dilute sulphuric acid through a funnel there 
are produced (1) iron sulphate and (2) sulphuretted hydrogen, which 
IS collected in a gasometer 

Properties. — Hydrogen sulphide is a colourh^ss gas with the odour 
and taste of rotten eggs It burns with a blue flame. It is very 
poisonous and treacherous, for it acts without any other warning than 
a bad smell. A small bird perished in an atmosphere winch contained 
a horse does not live long in an atmosphere containing ..-i^^th 
of this gas. Under its influence the globules of blood are unable to 
fix oxygen. 

Action on Plants. — Hydrogen sulphide is also injurious to jdants; 
in its presence the leaves are coloured with yellow spots, wdii(*h entirely 
invade them, then the plants die. Schroder and Rmns found that 
to be the case m the neighbourhood of factories wliicdi disengage a 
certain amount through their chimneys; gasworks amongst others, 
for coal gas always contains a certain quantity. An atmosphere 
only containing hydrogen sulphide, that is to say, an amount 

scarcely perceptible to the smell, hut slightly black<ming paper steeped 
in lead acetate, is poisonous to the plant. However, the toxic dose 
vanes greatly with the species of plants. Even roots themselves are 
capable of absorbing it, and take a blue colour (Kny). 

Action on Insects. — Mouillefert has examined the action of hydro- 
gen sulphide on the phylloxera. On roots exposed in a flask filled 
with this gas these parasites died in three minutes, hut whilst at the 
end of that time the adults were dead, the larvin and the eggs did not 
appear to suffer In an atmosphere containing 1 volume of H^S in 
100 volumes of air the phylloxeras were found ch^ad aftcm twenty- 
four hours. If it contained 1 volume of HgS in 150 volumes of air 
it took forty-eight hours to destroy these lice compl(d.(3ly. Now, as a 
litre of sulphuretted hydrogen weighs 1 5 grammes, an atmosphere 
containing 1 per cent, of this gas by volume only contains by weight 
0*0015 per cent, of that acid. As that amount represents the limit of 
toxicity of this gas for the phylloxera, and as it requires 0 0016 gramme 
of carbon disulphide in 100 c.c. of air, it may be concduded that hydrogen 
sulphide is as poisonous to insects as carbon disulphide. 

Use. — Phylloxera . — To utilize this property, thenffore, of hydrogen 
sulphide, it only remains to discover a process cajiabh^ of giving rise 

4i> 
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to the formation of this gas m the layers of soil^ round an infected 
vine. The alkaline sulphocarbonates fulfil this object. They decom- 
pose in the presence of moisture and acidity of the soil into alkaline 
carbonate and hydrogen sulphide 


K2CS3 + H3O + CO3 = K3CO3 + CS2 + H^S 
Potassium Water Carbonic Potassium Carbon Hydrogen 
sulpho- acid. carbonate disul- sulphide, 

carbonate. phide. 

Momllefert tried ammonium sulphide, which acts perceptibly on 
the phylloxera in the same way as hydrogen sulphide. He buried 
around the roots, after having laid them bare, 500 grammes (l^yb.) 
per stock of a mixture of 36 parts of calcium sulphide and 66 parts of 
sulphate of ammonia Under the influence of moisture these two salt? 
dissolve in the ground, and yield by double decomposition ammonium 
sulphide and calcium sulphate The result was negative 

Melolontha vulgaris (cockchafer) — The insecticide property of 
hydrogen sulphide has been utilized to destroy numerous injurious 
insects, living in the soil, especially the white worm. Dr. Precht has 
taken out a German patent to claim a process of formation of this gas 
in the soil. Prior thereto Roy had recommended the burying in the 
ground of cinders rich in iron sulphide. In Italy good results are 
obtained against the white worm by ploughing in white mustard, more 
especially mixed with one ton of gypsum per acre. The decomposition 
of these plants would appear to produce much sulphuretted hydrogen 
Heterodem SchacJUii, Schm. — The ploughing in of crucifers and 
gypsum did not give the result expected. 

Coccides. — Coquillet did not succeed in destroying the coccis of 
the lemon by covering this tree with an awning, and disengaging 
sulphuretted hydrogen under this improvised ‘‘ cloche.” ^ 

Sulphur, S — Sulphur, in combination with metals and metal- 
loids, is very widely distributed in nature. It is chiefly met with as 
sulphides of iron, copper, lead, mercury, zinc, antimony, and arsenic. 
Native it is found m lacustrine deposits associated with marl, and 
especially in the precincts of volcanoes as a product derived from 
volcanic emanations. It is found in the mines of Vesuvius, of Lateria, 
near Rome, in those of Etna and Stromboli, beneath the marshes of 
Texas, Lousiana, and in other States of the U.S.A. 

Preparation. — For agricultural purposes sulphur is prepared under 
different forms : (1) Sublimed sulphm, or Flowers of sulphur, is an 
extremely fine powder of a yellow straw colour, which, examined under 
the microscope, appears as small rounded grains, studded with small 
points. It often contains sulphurous acid and sulphuric acid in the 
proportion of 1 per cent. (2) Ground sulphur is obtained by the pul- 
verization, grinding, and sifting of brimstone. Ground sulphur can 

^ Note by Translator. — But it must not be forgotten that sulphuretted hydrogen 
IS heavier than atmospheric air m the propoition of 37 to 31, that is, 100 cubic 
inches of the former weigh 37 grains, and of the latter 31 grams This difference 
in density must retard diffusion, so that the bottom of the plant would get an undue 
share and the top less than its share. Instead therefore of placing the generating 
vessel on the ground it should be at least well up the tree. 
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now be obtained the fineness of which almost equals flowers of sulphur. 
It has the advantage of being neutral and cheaper. It consists of angu- 
lar grains, and is paler than sublimed sulphur. (3) Wind-hlown sulphur 
is of a bright colour, absolutely neutral, and can be passed through 
a 100 sieve, which proves that it is almost as fine as precipitated sulphur. 
It shows branching particles under the microscope and grains of regular 
dimensions. Like ground sulphur, it neither contains sulphurous nor 
sulphuric acid. It is dearer than ground sulphur (4) PrecipttateH 
sulphur is impalpable. It is extracted from the spent material used for 
gas purification, when it is imperfectly purified it still contains tar, 
cyanides, and, as it is somewhat hygronietric, it burns the leaves. 
Hence its restricted use in the sulphuring of plants. It is obtained, 
also, by a chemical method alkaline polysulphides, treated by hydro- 
chloric acid m aqueous solution, give ofl hydrogen sulphide, and deposit 
at the same time a precipitate of almost white sulphur. This precipi- 
tated sulphur is dearer than the foregoing, it contains sulphuretted 
hydrogen and alkaline sulphides. (5) Mixtures containing sulphur — 
In nature sulphur often occurs mixed with gypsum, carbonate of lime, 
sand, in proportions varying from 5 to 40 per cent. Such minerals 
are ground finely and marketed as Apt sulphur and Briabaux sulphur. 
The Minerale Greggio,’’ extracted in Sicily, is an earth containing 
40 per cent of sulphur, 2 per cent, of alkaline carbonate, 11*8 per cent, 
of carbonate of lime, 42 per cent of magnesia, 36 per cent, of sulphate 
of lime, a little iron, clay, and arsenic The value of these mixtures 
depends on their sulphur content ; the gypsum and carbonate of lime 
have no anticryptogamic property. In many cases they are prefer ceci, 
and that is what has contributed to the preparation of artificial mixtures 
containing 10 — 50 per cent of sulphur only. The Fonta powder 
contains 10 per cent, of sulphur and 90 per cent, of talc. A marble 
worker of Saint-Beat, having tried a mixture of 50 per cent, of ground 
marble and 50 per cent, of sulphur, found that this very efficient 
treatment occasioned no scorching on the vine, even during great heat. 
Neutral mixtures have, therefore, been prepared for this purpose, con- 
taining 50 per cent of sulphur and 50 per cent of gypsum, carbonate 
of lime, or clay. Now that cryptogamic diseases, like mildew and 
black rot, have invaded the vine already attacked by oidium, attempts 
have been made to reduce the multiplicity of treatments by mixing 
sulphur with cupric powders. These powders, such as “ Cupro-Calcite,” 
will be dealt with when treating of oidium and mildew ^ 

Use. — The use of sulphur goes back to 1846. It was by rule of 

1 Mildew of the Vine. PeronospoRxI viticota. — ^This fungus has great analogy 
with the Phytophthora It prefers to grow on the leaves of the vine, but it also 
invades the young branches, the flowers, and the grapes. (Brown rot, grey rot, 
juicy rot ) The leaves begin to grow yellow on the attacked vines, then the spots 
are intensified and the vines assume a reddish-brown colour This fungus lives 
between the cells and the parenchyma and on the under surface of the leaf emits 
comdiophora from which the comdia or summer spores are detached. These ripen 
in a night and germinate as soon as they fall on a leaf rendered moist by the dew 
or by the ram , they produce mobile zoospores After a sojourn of half an hour in 
a drop of water, they fix themselves, emit a genninative tube which pierces the 
epidermis and penetrates into the interior of the leaf. Late in the season, winter 
spores are formed in the leaves which remain active and live in the withered leaves. 
In the spring the spores spread the disease. Mildew appears early in May and J une. 
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thumb that the remedy was first discovered by the gardener Kyle, 
in experimenting in the greenhouses of Lyton with mixtures of sulphur 
and lime. At that time sulphur was already known as capable of 
curing mildew, and some gardeners used it. But when, in 1848, the 
oidmm appeared, destroying the crops m the neighbourhood of Pans, 
J B Dumas, the Minister of Agriculture, ordered the disease known 
as Oidmm Tucken to be examined, and the different remedies recom- 
mended to combat it to be tested. It was thus that Duchartre, Pro- 
fessor of Botany at the Agronomical Institute of Versailles, aided by 
Hardy, the gardener of the palace, undertook the study of the action 
of sulphur, and that he decided it to be efficient against the oidium. 
Grouthier, horticulturist at Montrouge, constructed at this time a bellows 
for sulphuring, which contributed much to spread the use of sulphur 
around Paris. Henceforth, owing to this use of sulphur it was possible 
to contend against the oidium, and in 1852 and 1853 the vines of 
Ohasselas and Thonimery were entirely preserved Sceptical vine- 
growers, persuaded that the oidmm could only develop on perishing 
vines, sought at the same time a remedy by improving the culture. 
There were long gropings in the dark, unsuccessful years, nevertheless, 
owing to the persevering efforts and profound study of Mares, a vine- 
grower of Herault, the action of sulphur on oidium was not long left 
in doubt Prom 1857 sulphuring has spread more and more, and owing 
to this treatment oidium is no longer propagated to such an extent 
as to cause serious damage in vineyards. To contend against this 
disease Prance alone consumes 100,000 tons of sulphur per annum. 

How does Sulphur Act? — The different kinds of sulphur sold in 
commerce have not the same anticryptogamic value. In a general 
way that value is proportional to their pure sulphur content and to 
the fineness of division. Precipitated sulphur and blown sulphur 
are the products which attain the highest degree of fineness , sublimed 
sulphur and ground sulphur come very near them In the manufacture 
of ground sulphur great progress has been realized of late years, 
formerly, in fact, it required 80 lb. to obtain a result analogous to that 
got from 40 lb, of sublimed sulphur, whilst now equal weights of these 
two products have the same anticryptogamic value. The adherence 
of the sulphur to the leaves depends on its fineness. From this point 
of view blown sulphur and precipitated sulphur are much superior to 
sublimed and ground sulphur, but the former are too dear. In extensive 
exploitations where they used sublimed sulphur almost exclusively, 
they have begun to replace the latter by ground sulphur, which has the 
advantage, like blown sulphur, of containing neither sulphuric acid nor 
sulphurous acid, and thus does not burn the leaves during great heat. 
To obviate the drawbacks which sublimed sulphur has of grilling the 
leaves and irritating the eyes of the operators, it has been ground with 
inert bodies capable of neutralizing the acids which it contains. Neutral 
mixings, with a much more gentle action on the plant, and which act 
in the same way as the neutral sulphur above described, are thus 
obtained. It is thus that mixtures containing gypseous, bituminous, 
calcareous ingredients are met with, which have at the same time 
the advantage of favouring adherence in rainy weather. Many pre- 
parations are used in the south of France, and in Algeria, where they 

4 
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are specially applied for August treatment , but a larger amount must 
be used in inverse proportion to the sulphur content It was interesting 
to know the action of sulphur on fungi living as parasities on plants, 
and several scientists devoted themselves to this study. It is recognized 
that the destruction of the parasite is more rapid the warmer the weather. 
With a temperature of 30 — 40° C. (86 — 104° F ) destruction occurs 
m one to three days, from 25° C. to 30° C. (77 — 86° P ) it is already 
slower and takes four to five days , below 25° C. (77° F ) it is still more 
slow. According to Mach, Vesque, Sorauer, Hollrung and Dufour, 
this action of sulphur on the mycelium of fungi results from the formation 
of sulphurous acid, formed by the slow combustion of sulphur under 
the action of the sun and heat. Pollacci, on the other hand, believes 
that the sulphur is transformed into sulphuretted hydrogen, the vapours 
of which have a very energetic action on fungi. The third opinion 
is that of Mares and Mohr, who believe that the sulphur acts of itself, 
i e. by its own vapour. The first hypothesis seems in fact inadmissible, 
for the simple reason that the sulphur cannot be transformed into 
sulphurous acid except at high temperatures and only by its combustion. 
But the sulphur does not act only on the mycelium of the fungi where 
it is in contact with it , sulphur placed at a distance acts equally well. 
Spread on the soil around the plant, it acts perfectly well if the tempera- 
ture reaches 25 — 30° C. (77 — 86° F.) This observation was noted as 
regards greenhouses by Bergmann, Lord Rothschild’s gardener, and 
by Viala, for vines in the open air. If it be therefore recognized that 
sulphur acts by the vapours which it emits, the nature of such vapours 
remains to be examined Sulphurous acid must not be dreamt of, 
T^-gTj^th of this acid in the air would burn the leaves. In warm and cold 
greenhouses where the plants are unceasingly exj^osod to the vapours 
of the sulphur emitted from the sulphur spread on the soil, these would 
not resist long if the ambient air contained sulphurous acid. The effects 
of this acid, to be examined further on, are disastrous to plants, and if 
it be admitted that sublimed sulphur burns plants, this drawback is 
only due to the presence of sulphurous and sulphuric acids. The forma- 
tion of sulphuretted hydrogen is equally impossible. To determine 
what the nature of the vapours emitted from sulphur when it is 
spread on the leaves and the soil and exposed to the action of the air 
and the sun may be at temperatures of 25 — 40° 0. (77 — 104° F.), the 
author (Bourcart) made a series of laboratory experiments. Sulphur 
mixed with dry or moist soil with or without humus was placed m flasks 
with a tubulure. After having arranged these flasks on a water-bath 
heated at 35 — 50° 0. (95 — 122° P.), pure oxygen or a simple current 
of air was passed over these mixtures and the experiments wore kept 
up for eight days. At the exit from the flasks the gas passed through 
a series of bottles containing substances to retain sulphurous acid in 
some, hydne sulphide in others. Analyses made of the liquids collected 
and of the soil mixed with sulphur gave no trace of sulphurous acid, 
nor of hydrogen sulphide, hyposulphite, or sulphuric acid. Between 
25 and 50° C. (77 — 122° F.) therefore sulphur undergoes no chemical 
modification, and if it acts at this temperature on fungi it is by its 
own vapours. The odour of a greenhouse or a vineyard is in fact 
never that of sulphurous acid or hydric sulphide but that of sulphur. 
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There is another reason in favour of the sulphuring of vines. Sulphur 
would appear in fact to have a direct action on vegetation which it 
renders more vigorous ; it favours fecundation and otherwise stimulates 
the maturity of the grape which generally ripens eight days earlier. 
It IS therefore advantageous to sulphur the vine even in the absence 
of cryptogamic parasites. 

Recent experiments (1924) on the fungicidal action of sulphur in 
the USA. have shown that sulphur is toxic only in the presence of 
oxygen, that the active principle is volatile, and that precipitated 
sulphur is more toxic than finely ground sulphur Young, as a result 
of his extensive researches on the toxic property of sulphur, concludes 
that toxicity is exhibited only when oxygen and water are present and 
is due to the formation of pentathionic acid, a volatile oxidation and 
hydration compound of sulphur Finely divided sulphur is more readily 
oxidized to pentathionic acid than flowers of sulphur — a fact which 
explains the greater effectiveness of colloidal sulphur. Wettable 
sulphur sprays have been found somewhat difficult to prepare, as the 
sulphur alone refuses to mix with water; a formula recommended in 
Nova Scotia is about 67 per cent superfine sulphur, 30 per cent, hydrated 
lime, and 3 per cent, calcium casemate, this mixture to be used at from 
30 to 50 lb. per 100 gallons, with the addition of 2 lb lead arsenate. 
The ingredients should be mixed beforehand in a dust mixer This 
mixture is said to cost about the same, or very little more than the 
standard 3 : 10 40 Bordeaux, is quite harmless to foliage or fruit, 
and is superior in the control of all insects 

The usual distinction made between precipitated (hydrophobic) 
sulphur and a true hydrophilic colloidal solution is largely in the size 
of the particle. The latter is made by passing hydrogen sulphide 
through a saturated solution of sulphur dioxide until the odour of the 
latter cannot be distinguished This is important, as if free sulphur 
dioxide remains in the solution it is apt to scorch foliage. This is a 
stable preparation, in which the particles aggregate but slowly. Hydro- 
phobic colloidal sulphur is prepared by precipitating limc-sulphur 
solution by adding concentrated hydrochloric or sulphuric acid. The 
acid was added to the solution to a point of acidity as shown by methyl 
orange, about 0*5 cc concentrated acid per 10 cc of lime-sulphur 
concentrate (1*3° Be.) being usually required. Such solutions tend 
to aggregate sulphur particles up to a point of precipitation within a 
few days Glue or gelatine delays this process, especially if added 
before the acid. For commercial purposes 1 lb. of glue dissolved in 
water is first added to 5 U.S. gals lime-sulphur solution, then in addition, 

2 to 4 U.S. pts of concentrated acid, or until the yellow colour dis- 
appears and the solution is slightly acid to methyl orange. A larger 
amount of glue is required if the solution is to stand several days before 
use. In these preparations the sulphur particles are so finely divided 
that they are invisible at a magnification of eighty times and are more 
active than the finest of ground or flowers of sulphur now in use 
Toxicity tests with the U S red spider [Bryohia prcetiosa) show that 
colloidal forms of sulphur killed about 99— 100 per cent.; 2 per cent, 
lime-sulphur solution plus 5 lb, ground sulphur per 100 US. gals, 
killed 90-6 per cent. ; ground sulphur dust killed 44*9 per cent. These 
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applications were made in June, tlie maximum temperatures of the 
days following them being 71—78° F At higher temperatures the 
differences were less marked, but even then the colloidal forms were 
always superior. Colloidal forms of sulphur, particularly the hydro- 
philic solution, are more dangerous to foliage even than lime-sulphur 
solution. Under California conditions, where most of the work on 
red spider is done at high temperatures, it is doubtful if colloidal solu- 
tions could be economically substituted for lime-sulphur solution 
containing free sulphur, at least until an inexpensive process of manu- 
facture is established 

How Should Sulphur be Applied? — Sulphur is generally used 
as a curative agent, and sometimes as a means of prevention. There 
IS no absolute rule for applying sulphur, the essential point is to do it 
at the right time. The adhesion of sulphur can, in fact, be increased 
by applying it when the plants are still covered with dew, or after 
artificial moistening, but that is not indispensable, for dry sulphur 
generally adheres well enough on the leaves, and chiefly on the diseased 
parts. The mycelium of the ErysijphecB retain, in fact, lumps of 
sulphur, which persist longer on the spots attacked than on the healthy 
spots. If a persistent ram comes on or a storm in twenty-four hours 
after sulphuring, it is well to repeat the operation. Sulphuring may 
be done at any hour of the day. The dose of sulphur should suffice 
to cover entirely the diseased parts. During great heat it suffices to 
spread the sulphur on the ground at the foot of the plant Sulphuring 
has been used preventively in greenhouses to prevent all cryptogamic 
diseases from appearing. The sulphur is spread on the soil, or on the 
heating pipes once a year. The plants thus live in a special atmosphere 
containing sulphur, which is opposed to the development of fungi, 
without injuring the plant Diflerent utensils have been used to spread 
the sulphur. The most simple is a vessel of tinned iron, the bottom 
of which is perforated. It is filled with sulphur and shaken above the 
diseased plant. This instrument, however, much used in the south, 
has the drawback of spreading the sulphur very irregularly, and m too 
large quantity on the diseased plant Another type is constructed on 
the same style, but it contains meshes of wool which sift the sulphur 
and distribute it more regularly. But these primitive instruments 
have been almost everywhere replaced by bellows or blowc^rs. The 
first was constructed by Gonthier, and greatly helped to popularize 
sulphuring. This is the bellows still used in gardens. It consists of a 
box to contain the sulphur, which is fitted with a flat pipe at one 
of its extreimties and an ordinary bellows at the other. For large 
vineyards there is a more practical instrument, which carries a larger 
quantity of sulphur. It is a sort of hooi, called a soujreuse, which 
the workman places on his back, and which can contain 10 — 12 kilo- 
grammes (22 — 264 lb.) of sulphur. It is filled by an air-pump, with 
fan, which is wrought by a lever and a projector, the extremity of which, 
ending in a Raveneau jet, distributes the sulphur as a mist. It can 
treat 1 — 2 hectares (2| — 5 acres) a day. It must be perfectly cleaned 
after each operation, so that the sulphuric acid of the sulphur does not 
damage the metal part The action of the sulphur on the Erysifhece 
is unquestionable, the mycelium of which, crawling on the surface of 
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the organs attacked, is quickly disorganized All the mildews may there- 
fore be effectively overcome, and it suffices for the purpose to sulphur 
at each approach of these parasites But the use of sulphur does not 
stop there. In certain cases, in fact, where the mycelium cannot be 
destroyed, as the plant itself protects it, it destroys the external organs 
of fructification, such as the Gomdiophorece, and prevents the disease 
from assuming too great an extension by that alone It is thus that 
sulphur acts on certain PeronosjporeoB ^ and Black blights. Diseases of 
a hacterian nature may sometimes be contended against preventively 
by the disinfection of the seed by sulphur. Sulphur also acts energetic- 
ally on certain insects with a soft skin, and, according to Berlise, its 
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action is rendered more efficient by steeping it in wood tar and then 
drying it. It has been found, however, to have no action on plant 
lice or cochineal. 

Use against Bacteria. — Amongst the hacterian diseases of plants 
the following can be treated with sulphur — 

Rottenness or Moist Gangrene of the Potato ^ ; Potato Scab ^ , Rotten- 
ness of the Sweet Potato {Batates eduUs), — Nijpels and Stone recom- 
mend the use of sulphur preventively against these diseases. They 
advise that the potatoes intended to be planted be rolled in flowers 
of sulphur after being completely moistened so that the flowers of 
sulphur adhere more completely. They also recommend flowers of 

^ 1 Peronospora (mildew and white rust) — Fungi of which the mycelium lives 

in the interior of the tissues and which produce on the surface of the attacked 
organs whitish tufts resembling blights, 

2 Rot or Moist Gangrene of the Potato.— This disease is a complete 
disorganization of the plant which is attributed to the action of the Bacillus amyh^ 
oacter (Kramer) and according to American specialists to the action of Oosma 
scahiss (Thaxt). ^ 

Potato Scab This is due to the growth of an aerobic bacteria in the living 
tissues of the circumference of the tubers. 
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sulphur to be spread in the furrows in which the potatoes arc planted 
Halsted estimates that manure with 170 kdogrammes of sulphur per 
hectare, say 150 Ih. per acre, especially if it be accompanied with a 
manuring of 175 kilogrammes per hectare (154 lb. per acre) of kainit, 
gives results quite as satisfactory as the usual disinfection of the tubers 
by corrosive sublimate. Nijpels, who controlled these experiments, 
found, however, that his own process gave a better result. 

Use against Fungi. — Amongst the Peronosjpoia we may quote 
Cystopus candiduSj'^ Lev. (white rust of the OmcifercD), Oysiopus 
ciihicus,'^ de By (white rust of the CoinpositcB) The sulphuring recom- 
mended by Weiss to combat white rust can have no effect, except 
preventively, at the time of lifting the seed. Then several sulphurings 
are applied, working preferably in the morning during the dew. 

UredinecB (rusts injurious to cereals). — Sulphur has no action on 
these diseases, the mycelium of which grows exclusively in the body 
of the nurse plant, and the spores of which are generally formed under 
the epidermis of the plant Amongst the Erysiphe we may quote 
Erysiphe communis. Walk (mildew of the pea and bean). Wo can 
efldciently contend against this fungus, either by the use of sulphur or 
of sulphur and lime. Prilheux holds that sulphuring done as soon as 
the first spots appear may completely save the crop invaded In the 
same category the most important of all the diseases, that which 
has caused the greatest ravages, is, without doubt, the disease known 
under the name of Uncinuln ameTicuna, How. (oidium of the vine). 
Since the decisive researches of Mares, vine-grower of Herault, it has 
been possible owing to the use of sulphur to contend victoriously 
against this plague without, however, causing it to disappear com- 
pletely. It IS quite as lively as when it first appeared, but by the 
rational application of sulphur its development can be circumscribed 
and its action on crops prevented. The disease always assumes new 
vigour when vine-growers are negligent in the execution of this treat- 
ment. But so that the latter may be absolutely efficient, it must be 
practised in special conditions It is evidently difficult to fix in a 
precise manner for all regions the number of sulphurings to apply and 
the proper times, so as to protect the vine from invasion. Moisture 
and heat are, in fact, important factors of the development of the oidium ; 
the questions of climate, of exposure, of the year itself, have a great 
influence on the time of treatments and their number. There are two 
methods of sulphuring vines : (1) The repressive method, which consists 
in sulphuring each time the disease appears on a certain part of the 
vine. That requires great attention on the part of the vine-grower, 
who should not let the disease extend too far. (2) The preventive 
method, which is most in use, consisting of three sulphurings at fixed 
intervals. The first sulphuring is applied when as yet no oidium has 
been observed at the time when the young branches reach 8 — 10 centi- 
metres (3-2 — 4 inches) in length. The second at the time of flowering, 

^ Rust, White, oe Crucieerje Cysiopua candidua. Rh.st, White, or 
CoMPOSiTiB Cystopus cubicvs , — The hyphao of the mycelium of these diseases 
glide between the cells of the nurse plant and there sink their suckers The coni- 
diophora form white pustules which are found indifferently on the surface of the 
leaves, stems, flowers, and fruit, for the fungus invades all the plant and causes 
it to undergo very curious deformations. 
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and the third some days before veraison, taking care to sulphur the 
grapes chiefly. A supplementary sulphuring may be intercalated 
between the second and the third if special conditions are favourable 
to the reappearance of the disease at that moment Dufour advises 
two treatments before flowering, the first, before the complete expansion 
of the leaves, the second a little before flowering Spring sulphurmgs 
in no way injure the plant, and they may be executed at any hour of 
the day But those which must be made in the hot season may injure 
the vines, the leaves of which are burned by the sulphur under the 
action of the sun. It is then necessary to comply with the following 
indications : — 

(1) To use neutral sulphurs, chiefly mixtures, containing but little 
sulphur, instead of flowers of sulphur, always slightly acid, and because 
the former have a much more gentle action than pure sulphur. (2) To 
spread the sulphur preferably on the soil, instead of projecting it 
directly on the plant. This process is not only efficient, but without 
the drawbacks described above (Viala). When these few precautions 
are neglected, a large part of the crop is liable to be lost, owing to the 
corrosive action of the sulphur. The dose to apply at each sulphuring 
depends on the state of growth of the vine and the system of planting. 
For the first treatment it is well to use 15 — 20 kilogrammes (33 — 44 lb.) 
of flowers of sulphur per hectare (13*2 — 17*6 lb. per acre). At the time 
of flowering the dose is raised to 30 kilogrammes of flowers of sulphur 
(66 lb. per hectare, 26 4 lb. jier acre) or 50 kilogrammes (110 lb. per 
hectare, 44 lb per acre) of ordinary ground sulphur. Finally for the 
third operation it is necessary to spread 40 kilogrammes of sublimed 
sulphur (88 lb per hectare, 35*2 lb. per acre) or 60 — 70 kilogrammes of 
ground sulphur per hectare (52*8 — 61*6 lb. per acre) and about 100 kilo- 
grammes of Apt sulphur (220 lb per hectare, 88 lb per acre) When the 
ground sulphur is as fine as the sublimed, the quantity to use will be 
the same as for the latter. To preserve hothouse vines, it suffices to 
spread sulphur on the soil once a year; any invasion is prevented by 
this single treatment. Since other cryptogamic diseases — mildew, 
black rot, and others — have ravished the vine, attempts have been 
made to reduce the multiplicity of treatments, and cupric powders 
have been mixed with the sulphur, the isolated action of which is 
recognized as efficacious against these diseases. It has been advised 
to add 5 per cent, of blue vitriol to the sulphur, or to incorporate sulphur 
in the cupric bouillies. A preparation known under the name of 
“ cuprocalcite ” has in Germany the reputation of being at 25° more 
active than sulphur (Mohr) This product would appear to form a 
protective coat on the leaves, and by its adherence preserves the 
plants longer against new invasions of oidium. But this opinion is 
not accepted, and it is generally believed that sulphur does not act 
in the presence of common salt. Pollacci and P. Viala condemn these 
mixtures, the first, because he believes that sulphur is not oxidized in 
the presence of copper salts, the second, because the experiments 
made at the Montpellier schools showed that these mixtures could 
neither prevent nor arrest the oidium and mildew. Mach and Marcs 
agree upon that point, and this is the explanation : Copper salts have, 
in fact, the drawback of catching the vapours of sulphur, converting 
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tliem into insoluble and inactive copper sulphide If it be taken that 
sulphur acts by its vapours, it is evident that the action of the product 
IS destroyed. These remarks are also of value in regulating the double 
treatment with sulphur and cupric bouillies Since the introduction 
into viticultural practice of sulphating against mildew and black rot, 
the question of ascertaining whether sulphuring should be done before 
sulphating, or vice versa, has been often discussed Laurent advises 
to precede the first sulphuring by the first sulphating, the second 
sulphating being done after flowering But as the sul])hur acts for 
four to five days, it is well to let this interval elapse between sulphuring 
and sulphating, so that these two treatments do not mutually destroy 
the eflects of each other 

Drawbacks to Sulphuring. — ^Workmen engaged in sul})hurmg 
with sublimed sulphur sometimes have bad eyes, especially if they do 
not take the precaution to work with the back to the wind To obviate 
this drawback, it is well to make them wear spectacles with cloth side- 
pieces, and to make them bathe the eyes several times a day with fresh 
water Sulphur also gives sometimes a slight taste to the wine, owing 
to hydrogen sulphide, formed during fermentation But this drawback 
is always caused by too dilatory sulphuring If the wine still contains 
sugar, and is fermenting, it must be drawn off after fining in a cool 
cellar If it does not contain sugar and is already drawn ofi, it must 
be protected from any new production of hydrogen sulphide by the 
following treatment . In the case of wine with a feeble taste, one or 
two drawings off, during which the liquid is allowed to flow in a thin 
stream into a tank, may suffice to let the hydrogen sul])hide cscajie 
into the air L. Mathieu advises running the wine in a stream over a 
plate of polished copper, so that it runs into a film • one part of the 
gas escapes into the air, the other is fixed by the copper. The copper 
plate must be cleaned from time to time with emery paper when it 
is blackened. If these methods do not suffice, sulphurous acid must be 
added to the wine as bisulphite of potash (metabisulphite of potash), 
about 10 grammes per hectolitre, say 7 grains per gallon. The two 
gases mutually destroy each other with the deposition of sulphur, 
which simple fining after a few days will completely carry down into 
the lees. By using for the last operation only 40 kilogrammes of 
sublimed sulphur per hectare (35*2 lb per acre) or a stronger dose of 
Apt sulphur or any other product of low sulphur cont(mt, this draw- 
back need not be feared. 

Otdium fragance, Harz (oidium of the strawberry). — Sulphuring 
gives excellent results (Sorauer) ; Phyllacfinia suffulta, Reboiit. (mildew 
of the hazel and the ash-tree) ; Micros'pJicera grossnlao la, Wallr. (mildew 
of the gooseberry leaf). 

Sphcerotheca Castagnei (mildew of the hop). — Nijpels recommends 
to fight it, like the oidmm of the vine, by three sulphurings, the first 
before flowering, the second during flowering, and the third when the 
cones are completely developed. 

Sphcerotheca pannosa, Lev (mildew of the rose and the peach).— 
By methodical sulphuring, applied as soon as the disease aj^pears, the 
rose bushes, most sensitive to this mildew, may he quickly cured 
The curative treatment of the peach miller (meumer du pecker) also 
consists m two or three sulphurings applied after ten days’ interval. 
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Fumagine (smut of fruit trees) — Sulphur has the same action on 
capnodmm as on mildews, but to be completely successful it is necessary 
to fight the lice and the cochineal, which are the first cause of the 
fumagine. Amongst the Sphceracece capable of being fought with 
sulphur there may be mentioned : — 

Bematophom necatnx ^ (white root rot of vine, etc.). — Narbonne has 
tried sulphur against vine rot He advises to pull up the most badly 
attacked stocks ; to lay bare the stocks not so badly attacked as deep as 
possible, and dust the roots abundantly with sulphur It is useful to 
renew this operation several times before the stocks are covered up 
again 

Black Blights, the mycelium of which is in the interior of the plant, 
are more dfficult to reach by sulphur, but as their organs of fructifica- 
tion, the oonidiophores, are formed on the surface of the leaf, those 
organs can be got at by sulphur. The propagation of the disease is 
thus fettered In this class are : — 

Sphcerella fragancB,^ Sacc. (spots of the leaf of the strawberry). — 
This very common and often harmless disease may, when it is intensely 
severe, stop the development, and entail the death of the plant. Nijpcls 
recommends sulphur mixed with lime to prevent the disease on young 
plants. 

Septona peti osehni, Bmz (var. Ap. Br. et Cav ), injurious to celery, 
is fought by sulphuring, like the Cercospora apii. 

Oloeosponum ampelopliagim, Saco (grape rot). — This disease may 
be fought by sulphuring, but to succeed it must be applied in the begin- 
ning of the attack, so as to hinder the germination of the spores. To 
stimulate the action of the sulphur it is mixed with pulverized iron 
sulphate or lime. P, Sol advises a very abundant first sulphuring before 
floy^-ering, to distribute them plentifully in the same spots, and then 
to sow ferrous sulphate broadcast, 50 kilogrammes per hectare (44 lb. 
per acre) If the epidemic be not arrested it is necessary to renew 
this treatment. ‘Viala obtained good results from imxture of sulphur 
and lime applied in the following proportions — 

Table X. — Showing Proportions of and Lime used in Mixtities against 

Anthacnose^ at Different Stages of Treatment 

First Second Third 

treatment treatment. treatment. 

Sulphur . . . . 4 parts 8 parts 2 parts 

Lime .... 5 „ 2 „ 3 „ 

The first treatment is applied when the shoots are 8 — 10 centimetres 

^ Dbmatophoea nbcatrix (white root rot). — This fungus lives at the expense 
of the roots of the vine, fruit-trees, mulberry -tices, fig-trees, maple-trees, oak-trees, 
and soon kills the tree. The white root rot is especially attributed to the SphoBriaceo! 
dematophora, but this fungus is not the only one capable of producing this physio- 
logical condition of fruit trees 

2 Sph.®rella PRAGABiiB (spots of the leaves of the strawberry). — The leaves 
attacked by this fungus are covered with purple-brown lounded spots, separate 
or contiguous, which appear on their upper face. They increase rapidly in size, 
wither in the middle, and are finally pierced right through 

® Anthraci^osis op the Vine (grape rot). Oloeosponum ampelophagiim — 
The filaments of this fungus live inside the cells and produce spots on all the 
herbaceous parts of the vine,, each forming small ulcers gnawing the tissue as far 
as the soft parts of the liber The branches are contorted and blackened. 
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(3-2 — 4 inches), the succeeding treatments every fifteen days. Briosi 
tells us that this sulphur and lime treatment is in actual use to fight 
anthracnose in the provinces of Pavia, Cuneo, and Messina. Solutions 
of sulphate of iron are reserved for winter treatment. 

Ceicos'pora apii, Fr (celery leaf blight) —Sturgis, Duggar, and Baily 
agree as to the efficacy of sulphur in fighting this disease when applied 
on a hot day, in which case sulphur is superior to all other chemical 
agents. Scribner dissents, and asserts that sulphur has little or no 
action. It is evident that sulphur cannot reach the fungus developed 
in the interior of the leaf, but m destroying the organs of fructification 
it may stop the propagation of the disease 

Cladosponmn fulvu7n, Cooke (tomato leaf rust) — Mohr and Nijpels 
found that sulphur acts more effectively than copper salts to arrest 
this disease. 

Olematite (large flowered), variety of Gle^mtis patens, lanuginosa et 
flonda, disease of — This disease, to which many fine ornamental plants 
succumb, IS attributed to the Aecidimi clematidis or AecuUmn engleria- 
7ium, sometimes to Nematodes, The clematites disease cannot be 
circumvented by copper salts. But Fourrat found it possible to pre- 
vent it by laying bare the root, which he dusted with sulphur and 
afterwards covered with soil. The author’s (Bourcart) experiments 
did not confirm this result. 

Use of Sulphur against Insects. — G}ioceris asparagi,^ L. — Miss 
Ormerod killed these insects by a spray consisting of 1 lb of soap, 
1 lb. of sublimed sulphur, and 1 lb of soot, in 10 gallons of water. 

Haltica nemormn, L. (earth flea). — These minute Coleoptcra gnaw 
the leaves of young plants, and, owing to their numbers, cause great 
damage. Their destructive work may be stopped by dusting the 
plants, whilst still small, with a mixture consisting of 3 kilogramn^es 
(6*6 lb ) of sublimed sulphur, 5 kilogrammes (11 lb.) of soot, and 50 
litres (If bushels) of quicklime per hectare (2| acres). In the author’s 
opinion the quicklime would have a preponderant action. 

Haltica ampelopJiaga, Guer. (altise of the vine 2). — D’Aurclles de 
Paladines proposes to fight them with sublimed sulphur, or better, pre- 
cipitated sulphur from gasworks. A more energetic method consists 
in using a mixture of black snuff, 12 — 15 kilogrammes, and Apt sulphur, 
85 — 88 kilogrammes per hectare (10 4 — 13-2 lb. and 74-8 — 77-4 lb. per 
acre) A mixture of Apt sulphur and newly slaked lime may also be 
used, 

^ EpMppigera htterensis {Ephippiger of Beziers), Ephippigera vitium 
(vine ephippiger) — These grasshoppers devour the leaves, the young 
vine shoots, and the grapes The crop is sometimes seriously com- 
promised in the South of France by the great number of these Locustides. 
The grapes may be protected from their voracity by dusting the bunches 

^ Cbioceris asparagi (asparagus beetle). — Coleoptera (chrysomelide) of 6 milli- 
metres in length, steel blue elytra, with four bright yellow spots 

^ Altise of the Vine Haltica ampelophaga (vine flea). — Small greenish-blue 
insect, 5 millimetres The female lays its eggs at the end of April on the under 
surface of the leaf, the larvce appear ten days afterwards; they burrow long 
grooves into the parenchyma; in ten days they reach full size, let themselves 
drop on the soil and there bury themselves to the depth of 2 inches ; two weeks 
afterwards the perfect insects appear. 
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in June, at the time when the Ephippigeres appear, with a mixture 
containing equal parts of sulphur and lime. 

Enocmnpa adumhata ^ (slug worm, or slimy caterpillar of pear-tree 
saw-fly) — Goethe recommends ground sulphur against the sticky larvse 
of this saw-fly. This treatment is in common use in the Tyrol. 

Catpocapsa pomonella,^ L. (codhn moth), the grub of which renders 
apples wormy. The sulphuring of apple trees, after flowering, is 
very efficient in drawing ofi the butterfly and preventing it laying its 
eggs on the young apples. 

Success has been obtained in the U.S.A with the wettable sulphur 
sprays, against codhn moth {Qarpocapsa ponionella) and red bug 
[Eeterom^ylus malinus). The formula was 4 lb. hydrated lime, 8 lb. 
sulphur and lb. powdered lead arsenate to 50 U S gals of water, 
with 1 lb calcium caseinate or i ozs glue per 100 U.S. gals as a spreader. 
While on the average not quite so eflective as lime-sulphur solution m 
controlling apple scab, these sprays have proved safer on apple foliage. 

Phylloxera vastatnx (phylloxera of the vine). — Two processes have 
been used; that of Saintpierre, tried unsuccessfully, is quoted as a 
matter of history It consisted in making a hole in the vine with a 
gimlet and m introducing 3 grammes of sulphur, then in re-closmg the 
hole with a plug. The second process, that of Aman-Vigie, consisted m 
injecting into the soil, by means of a special bellows, a mixture of sulphur 
and sulphurous acid. But these vapours do not diffuse well m the soil 
and only penetrate it imperfectly. Henneguy, after trying this process, 
concluded that, applied in July and August, it exerted an unfavourable 
action on the propagation of this insect. If it be not capable of entirely 
freeing the vine from its parasite, it kills a sufficient number to allow 
the plant to live normally. 

Use against Acari. — Tetranychus telarmSj L (red spider so-called). — 
In hothouses it may be fought with sulphur. Maynard advises heating 
the sulphur in a pot till it gives off fumes without inflaming. This 
operation should be renewed two or three times a week for several 
months. Sturgis asserts that this process destroys at the same time 
the Peronospora, de By., which resists repeated sulphurings m the 
open air. 

Tetranychus hioculatus, WM. (red spider of tea). — ^Playfair recom- 
mends to destroy it to spread on the tea before cutting 50 to 60 kilo- 
grammes of sulphur per hectare (44. — 52-8 lb. per acre) 

Enophyes Land., syn. Phytoptus mtis (ennosis ^ of the vine). 

^ Eriocampa adumbrata Selandria atra (the slug-worm or slimy caterpillar). 
— Saw-fly, of a brilliant black with a transversal brown band on the upper wings. 
The larvse are first of a blackish-green, then of an amber-yellow and covered with 
a viscous substance; it vaguely resembles a small snail, hence the name slug- 
worm. They devour the parenchyma of the cherry-tree, the pear-tree, the plum- 
tree, and the apricot-tree. 

2 Cabpocapsa pomonella (pyralis of the apple-tree) (apple-worm, codim 
moth) — ^Moth of | — 1 centimetre long, ashy-grey wings striped crosswise with small 
dark sinuous lines, with bronze reflex lustre and marked at the extremity with a 
brown spot encircled by a gilded yellow line. After fecundation the female lays 
its eggs one per fruit on the epidermis of the new -formed fruit and on the sur- 
rounding leaves. 

^ Erinoses Phytoptides (gall mites). — ^The irritation caused by the bite of 
certain acan, the Phytoptes, causes alterations in the epidermal cells of the leaves 
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— Erinosis may be arrested by repeated sulphuring, commencing some 
time after the formation of the buds, when the branches are 8-— 10 
centimetres (3 2—4 inches) in length Couderc advises a hot day m 
spring for the operation 

Enophyes ^nalinus, Nal , syn. Ennium mahnum (erinosis of apple 
and pear). — Sulphuring applied from bottom to top produces a satis- 
factory effect. 

Enophyes Fgst C (brown rust of the pear), syn. Phytoptm 
— Repeated sulphurings are efficacious if applied before the 
appearance of the disease. 

Phyllocoptes Echlechtendali,^ Nal. (browning of leaves of pear and 
apple trees) — This fungus is readily attacked by insecticides, and 
sulphur acts in a sure manner. 

which elongate under the form of hairs and form a felt, generally in the lower part 
of the leaves, which may be white, yellow, rose, or rust colour These diseases 
are widespread Erinosis op Apple-Tree and Pear-Tree. Eiimum Malimm 
et Ptrinum. — Eeltmg of under part of leaves, passing from yellow and rose to rust 
colour Erinosis of the Gooseberry. Phytoptus nhis — This acarus sucks 
gooseberry buds and leaves , the branches never develop and form packed branches 
of leaves Erinosis op the Vine. Phytopius vitis, Eriopliyes vitis. — Leaves 
attacked by this Phytoptus show irregular- shaped swellings on the upper surface, 
and are coated on the under surface with down. White at first, the down becomes 
red, then brown, as it ages. 

^ Eriophyes piri. Phytopius pi7i (rust of the pear-tree). — I’his disease is 
produced by an acarus which dwells in the parenchyma of the leaf and circulates 
between the two epidermes The irritation of its bites causes the formation of 
pustules, the red tint of which on the young leaves becomes brown and oven black 
in a few weeks 

Browning op the Leaves op the Pear-Tree and Apple-Tree. Phyllo- 
copies Schlechtendali — The acarus which produces this browning lives freely on 
the surface of the leaf , it neither produces galls nor felting. 
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CAEBON DISULPHIDE, 083 

Carbon Disulphide. — Preparation. — By passing the vapour of sulphur 
over red-hot charcoal. On the large scale, vertical cast-iron cylinders 
built in masonry are used They are filled with charcoal, which is 
kindled. As soon as it has reached a sufficient heat, the sulphur is 
introduced, gradually, through a side pipe. The sulphur melts, then 
vaporizes, and combines as vapour with the incandescent carbon. The 
gas escapes through a top pipe which communicates with two reservoirs, 
the first of which retains entrained sulphur, the second, which is cooled 
by a bath of cold water, condenses the vapours of carbon disulphide. 
The uncondensed gases, which are hydrocarbons, escape through a 
top pipe Carbon disulphide flows into zinc reservoirs, where it is 
preserved under water. It may be rectified by drying it over fused 
calcium chloride and finally distilling it on a water-bath For agri- 
cultural purposes, this rectification is useless; carbon disulphide in 
that case is led directly from the tank into the wrought-iron barrels, 
in which it IS dispatched. Another method of preparation is by heating 
carbon with sulphur in an electric furnace and condensing the CSg 
vapours. 

Properties. — Carbon disulphide is a colourless liquid with a pleasant 
smell when it is pure, but almost always fetid on account of impurities 
which it contains. It is a very mobile liquid, which boils at 45° C. 
(123° F ), and consequently vaporizes with rapidity m an open vessel. 
Its vapours form with air mixtures capable, like coal gas, of detonating 
at the approach of a flame or an incandescent object Owing to its 
ready inflammability the manipulation of carbon disulphide neces- 
sitates great precautions, and should be carried out far from any source 
of heat or flame, and wholly in the open air Smoking is therefore 
forbidden m the sheds where it is handled, and when it is employed 
in the field the iron barrels containing this product should be deposited 
far from dwellings, and protected from the sun. To prevent the losses 
which would result from the evaporation from a cask being emptied, 
a good precaution is to run a small quantity of water into the cask. 
The water forms on the surface of the carbon disulphide a protecting 
layer, for the density of the water is lower than that of the sulphide. 
To ascertain the quantity of this hquid left in a barrel, a rod coated 
with tallow may be dipped into it. The rod will come back clean on 
all the part which touched the carbon disulphide, this product being 
a solvent for all fats. Carbon disulphide is almost insoluble in water, 
the latter can dissolve at 1000th part of its weight. On the other hand, 
it is miscible, in all proportions, with absolute alcohol, and with a great 
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number of organic bodies rich in carbon, such as fats, resins, camphors, 
greases. It exercises a very decided deleterious action on the animal 
economy; it produces headache and nausea, and after a certain time 
it may debilitate the nervous system. Its intoxications are not generally 
dangerous, for they cease by the simple removal of the cause. The 
workmen who handle this product are subject to its effects if precautions 
are not taken to protect them from the vapours , those suffering from 
heait weakness should avoid it altogether. Carbon disulphide is used 
in medicine as an antiseptic against typhus, cholera, tuberculosis, 
against cancers, intestinal catarrh, and especially infectious diarrhcea, 
finally as an emmenagogue and anaesthetic. In the form of vapour 
it IS used against helminthiasis and different diseases of the skin. 

Action of Carbon Disulphide on Plants. — Carbon disulphide is 
poisonous to plants. According to Sandsten it stops the movements 
of the protoplasm as soon as the plant comes in contact with even 
a very small dose of this agent. It is more injurious to the plant the 
more its application corresponds with a greater activity of the sap 
The same doses used in winter without prejudicing the plants may 
become deadly in spring or in summer. Carbon disulphide is as inj unous 
to the roots as to the part above ground. Plants should never therefore 
come in contact with pure carbon disulphide, nor into an atmosphere 
too highly charged with vapours of this insecticide. According to 
the experiments of Boiteau the roots may die if they are 4 inches 
from the spot where the carbon disulphide was injected into the soil. 
At the dose of 5 c.c. of carbon disulphide per 4 litres of soil, say at 
the rate of 5 oz measures of carbon disulphide per 4000 oz. measures 
(3-i bushels) of soil, the vine would inevitably die; 2 c.c. of the same 
product injected into the same quantity of soil (4 litres) might he 
injurious to a potted plant The moisture of the soil tones down to a 
certain extent the injurious action of carbon disulphide; its effect is 
so much the more injurious to the soil the more dry the soil and the 
higher the temperature. Just as much as contact with carbon disulph- 
ide and its vapours in strong doses are deadly to plants, so also to a 
like extent are weak doses indifferent to them when they are brought 
into contact with the roots either in 1 per cent solution in water, or 
in the form of vapour. The strong doses applied at the beginning of 
the phylloxeric invasion always entail the death of the vine, as well 
as that of its formidable parasite, whilst the cultural doses now used 
not only do not injure the vine but impart to it exceptional vigour. 
However, carbon disulphide produces even in a small dose, as Vincey 
has observed, an injurious action on the plant , but this action is only 
a passing one and hardly perceptible. In this way vinos treated with 
small doses of carbon disulphide before the unhairmg of the buds are 
thrown back seven to eight days beyond those not treated. Summer 
treatment always entails a passing slackening in the growth of the 
plant. Different plants vary in their sensitiveness to this reagent, 
and it has been observed, for example, that trees generally support 
larger doses than annual plants. The aerial part of the plant also 
withstands carbon disulphide up to a certain limit, soapy emulsions 
and fumigations of carbon disulphide which, according to Morren, are 
not toxic up to ^ Goethe has observed that the vine can stand 
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fumigations for twelve hours at 20° C. without suffering Before the 
ascent of the sap the vapours of carbon disulphide may be prolonged 
without injury, and the dose in the same way. Targioni-Tozetti found 
that the dose of 2 per cent of carbon disulphide in soapy emulsion was 
the limit without injury to the leaves, whilst with petrol the dose was 
2 5 per cent A strong dose of carbon disulphide dries the leaves 
without altering the colour Seeds likewise undergo the toxic effect 
of this insecticide, but according to Prillieux their power to withstand 
it varies with the species. Cereals, for example, lose 50 per cent of 
their germinative capacity after eight days of fumigation, whilst beet 
seeds undergo no alteration after three weeks of this same treatment. 
Coupin, who examined the action of this agent on grain compared with 
ether and chloroform, found that these two last bodies had no injurious 
action on wheat grain when the protoplasm is at rest, whilst carbon 
disulphide is always injurious thereto. However, if owing to moisture 
there is swelling and the protoplasm is active, ether also becomes 
injurious to the gram in the dose of 3*7 c c for 10 litres of air (3*7 m 
10,000). According to Fantecchi’s experiments seed corn dipped two 
minutes in carbon disulphide and afterwards dried in the air loses 
10 per cent , dipped for one minute only in this insecticide, then exposed 
afterwards for twenty-four hours in an atmosphere of carbon disulphide, 
it undergoes a loss of 50 per cent The gram suiSers the same loss if 
exposed for twenty-four hours in a closed vessel at 30° C (86° E.) , 
in an atmosphere containing 2 kilogrammes of carbon disulphide per 
cubic metre if the heat be raised to 40° C. (104° F.) the loss will be 
100 per cent. 

The most important use for carbon disulphide as an insecticide in 
the United States is in the fumigation of stored grains, cowpcas, beans, 
and peas to kill the insects infesting them. Many species of insects 
are concerned, but all are susceptible to the same treatment. The 
most important species attacking corn is the so-called black weevil, 
or rice weevil, Calandra oryza, L , which causes a loss amounting to 
several million dollars annually m each of the South Atlantic and 
Gulf States. Investigation by the Alabama Experiment Station has 
shown that the amount of liquid disulphide required for killing grain 
insects under ordinary conditions of storage is much greater than has 
been recommended usually, and ranges up to about 20 lb. per 1,000 
cubic feet in ordinary rooms where the walls and floor have not been 
made especially tight (see p 70) 

Action of Carbon Disulphide on Insects. — Carbon disulphide is one 
of the most efficacious of insecticides , it diffuses very rapidly in virtue 
of its great mobility and its very low boiling-point Its ansesthetic 
and asphyxiant properties act very rapidly on the vitality of the insects 
which die paralysed in breathing it. Insects are generally more sensitive 
to the action of carbon disulphide than plants, so that by only using 
doses injurious to insects they can be overcome without hurting the 
plant. "When an atmosphere saturated with the vapour of carbon 
disulphide can be created around the insects or their larvae they die 
in a few seconds. Phylloxera is so killed in thirty seconds. If the 
atmosphere only contains 0*5 per cent, of 'carbon disulphide vapours 
(say 0*0016 of liquid sulphide) the action must last twenty-four hours 
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to kill the phylloxera. An atmosphere containing 0-4 per cent of 
CSg vapour easily kills, in fifteen minutes, grubs, butterflies, grass- 
hoppers, lice, and Coleoptera. Injected into the soil to a depth of 
4 inches, doses of 40 grammes per square metre (say I-J- oz. per square 
yard) for heavy ground and 30 grammes (say 1 oz. per square yard) 
for dry, light soil, suffices to kill all the insects in that layer of earth 
But solutions and emulsions of CSg do not act so rapidly nor so ener- 
getically as the vapour in a closed space. A I per cent solution does 
not kill the phylloxera until after twenty-four hours’ immersion 
Grubs strongly resist it. Those of the gypsy moth, Ocnena dispar, L., 
resist soapy emulsions containing up to 10 per cent. CSg Burleso 
Dufour came to the same conclusions after trying to kill the cochylis 
{CocJiylis amhignella, Hubn ) by emulsions containing 3 per cent and 
10 per cent, of CS 2 . 

The way in which carbon disulphide kills has been studied at the 
Michigan Experiment Station, where the conclusions have been reached 
that carbon disulphide vapour very probably acts upon the fatty 
tissues in the insect body, dissolving them to some extent; that it 
tends to coagulate the proteins ; and that it prevents the assimilation 
of oxygen and the carrying on of other procevsses which are of vital 
importance to insect life. A certain amount of respiration goes on 
at all times so long as an insect is alive, but it is evident that respiration 
will be far less in the egg stage or during the dormant periods in an 
insect’s life than it is in the adult stage and during the periods of its 
greatest activity. The strength of vapour and the time required 
to kill, therefore, will vary greatly and accordingly. Similarly, slow- 
moving insects usually are harder to kill than the quick-moving 
forms. 

Action of CSg on Fungi. — This insecticide only acts on fungi in 
very strong doses, and is only used to kill root rot. 

Influence of CSg on Fertility of Soil. — Carbon disulphide, far from 
injuring the soil into which it is inj'ected, as believed at the outset of 
its use in vineyards invaded by the phylloxera, exerts even in strong 
doses a favourable influence thereon Aime Girard was the first to 
observe that- carbon disulphide injected into the soil produced salutary 
effects on the soil treated and greatly improved exhausted soils. In 
Alsace-Lorraine, where the antiphylloxeric treatment to extinction 
has so long been used, the marvellous action of carbon disulphide has 
been remarked by Oberlm. The latter, who has more especially studied 
the soil cure, has obtained surprising results The culture of the vine 
being rigorously forbidden during the next ten years after the extinction 
treatment, the land was utilized for other crops. Now it was found 
that in all these soils all species of plants developed in a surprising 
manner, and that the rotations in use on non-dismfected ground were 
unnecessary on the former, CSg regenerates exhausted soils and allows 
continuous growing of the same crop. All PafihonacecB may be profit- 
ably cultivated on lucerne ground ; for example, if the soil of the latter 
IS previously tilled and disinfected, whilst in ordinary cropping one 
plant cannot usually be grown after another of the same nature without 
intermediate crops, CS 2 therefore renders rotations unnecessary, and 
enables the same plant to be cultivated for several years in succession. 
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Oberlm, wlio has greatly helped to popularize carbon disulphide, got, 
like Girard, a double crop of trefoil after disinfecting the soil, and an 
appreciably increased yield with gram crops, beets, potatoes, and farm 
crops generally. In a tares (Vtcia villosa) experimental field, treated 
with CSg, Oberlm obtained 45 tons of green fodder per hectare (18 tons 
per acre), whilst in a non-disinfected field, used as a test, the yield was 
only 19 tons per hectare (7*6 tons per acre). He also experimented 
with haricots, and obtained by weight per are 85 kilogrammes in non- 
treated ground, and 125 kilogrammes in treated ground. Oberlm 
disinfects the soil as follows Holes about 12 inches deep are excavated 
by an iron bar and 25 grammes of CSg run into each hole and the holes 
quickly closed, 10 kilogrammes of carbon disulphide must be buried 
per are Three weeks after this treatment sow the seeds. Practical 
experiments on vines gave equally good results. Oberlm first, then 
Dufour, found that vineyards, before being replanted, have no need, 
as generally believed, of a rest, nor of any improvement by an inter- 
mediate crop after treatment with CS 2 The new vine can, in fact, 
be replanted as soon as the old stocks have been extirpated if the follow- 
ing procedure be adopted . Trench the ground to 65 centimetres (2 feet 
2 inches), then at a distance of 50 centimetres (20 inches) apart m every 
direction dig holes of 50 — 60 centimetres (20 — 24 inches) deep Run 
into each 100 grammes (say 3|- oz ) say 40 kilogrammes (88 lb.) per 
acre, and close the holes quickly, the soil must remain in this con- 
dition until the spring, when the new plantation will be made In 
vineyards reconstructed in that way the young vine stocks yielded in 
the third year 30 hectolitres (660 gallons) , the fourth year, 1 10 liecto- 
litres (2200 gallons) ; whilst the test vineyard non-treatecl only gave 
74 hectolitres (1528 gallons) Here is, by a report of the Baden 
Botanical Station, a curious result obtained in onion-growmg Soils, 
completely exhausted by the culture of this plant, were appreciably 
improved by disinfection by carbon disulphide. Holes 40 centimetres 
deep, bored 50 by 50 centimetres (20 inches) in every direction, received 
100 — 300 grammes of carbon disulphide, and the produce, which had 
fallen to 14 units per square metre, was raised to 22 by the dose of 
400—800 grammes per square metre, and to 26 by a dose of 1000 grammes 
(2*2 lb.). These improvements, due to carbon disulphide, are very 
surprising, and efforts have been made to ascertain how this product 
acts on the soil, since it is void of any nutritive function, and how it 
can be the cause of intense yields in an exhausted soil % ^ There are a 
large number of parasites, both insects and fungi, which live m the soil 
at the expense of the plants, and looking at their grand opportunities 
for multiplying when the same plant is grown continuously for several 
years the exhaustion of the soil, it will be readily understood, is due 
solely to this accumulation of parasites which, attacking the plant 
by the roots, remove from it the means of nourishing itself. Carbon 
disulphide, injected into_ the soil, by destroying all these parasites, 
restores to the soil its primitive purity, and the plant, undisturbed by 
parasites, develops normally, and profits, by fertilizers, to give large 
crops Carbon disulphide acts like the bare fallow, which also remedies 

^ Note, hy Translator — The onion is a sulphur-lovmg plant. The reason for 
increase in crop la obvious. 
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soil exhaustion. By suppressing food for the parasites accumulated 
in the soil for a certain time the latter greatly disappear. Carbon 
disulphide is more elective than bare fallow, and gives complete and 
immediate results, because it enables the soil to be completely dis- 
infected and to utilize it at once for a new crop. The infection of the 
soil is caused by fungi: DematopJiora necatnx, Hartig, Armillana 
Mellea,'^ Quelet , Roeslena hypogcea, Thum et Pass. ; by the AnguiU 
luhdes, Heterodem SchachUi,^ Schm , andiT radicicola,^ Gr , and insects, 
the larvse of which take several years to accomplish their evolution, 
such as the Elatendes^ (click beetles), cockchafers, etc. All these 
parasites multiply greatly, especially when they are omnivorous and 
not disturbed by rotations ; they are, in themselves alone, capable of 
preventing a plant from producing normal crops. Carbon disulphide in 
large doses creates in the soil a sufficiently poisonous atmosphere to kill 
them, and so sterilize the ground being cropped. It has been shown 
that carbon disulphide only temporarily affects the bacteria useful to 
agriculture, and Wollny formulates the results obtained up to now as 
to the action of carbon disulphide thus — 

(1) The introduction of carbon disulphide into arable land during 
the period of vegetation has the effect, according to the quantity 
applied, of either completely destroying vegetable life or of causing 
temporary trouble. (2) When the sulphide is applied several months 
before cultivating the soil, the fertility of the soil is greatly enhanced. 
This action of the sulphide extends, according to the quantity used, over 
one or more periods of vegetation, and it is followed, if manure be not 
employed, by an important decrease in the yield of the field treated. 
The lower organisms which play an active role in the decomposition 
of organic matter and in the formation of nitrates in the soil, as well 
as the bacteria of the radicular nodosities of the Lcguminosa^ are not 
killed even by strong doses of carbon disulphide, their activity only 
receives a temporary check, to resume afterwards all its energy. 

Use. — The method of application and the doses used play, in fact, 

^ Abmillakia Mellba (tree-root rot) — This fungus (commonest and most 
widely distributed of British toad-stools) lives as a saprophyte and as a parasite, 
its mycehum penetrates into the living roots of very different species of trees and 
develops in the bark and in the exterior layers of wood ; from the roots it gams 
the foot of the tree and there it produces yellowish- brown clusters of receptacles 
on the level of the ground. It attacks vines, apple-trees, mulberry-trees, fig-trees, 
on which it causes diseases which are confused with others under the general name 
of rot 

^ Hetbrodera Schaciitii (nematode of the beet). — ^This microscopic worm 
IS met with on the roots of different plants, such as the cabbage, spinach, colza, 
but it commits its depredations especially on the beet. The larvse of the nematodes 
prick the radicles of the beets with the dart with which they are furnished, and 
fix themselves by the head in the cellular tissue. 

3 Heteeodera radicicola. — N ematode, which lives as a parasite on the roots 
of very different plants, but contrary to the nematode of the beet produces galls 
on the roots These galls shelter the worm during the whole of its development. 

^ Elatbrides ageiotes — ^Wire-worms, click beetles, skipping beetles, skip- 
jacks. sprmg beetles. Small ooleoptera of 1 centimetre at the most elongated 
and flattened ; several species are injurious to grain and other crops. The larvse 
alone are injurious. They have a thin, elongated, cylindrical body, like that of a 
worm, their colour is yellowish, shining, their maximum size is about 2 centi- 
metres (} inch) long , their skin is scaly, very hard, and difficult to crush. Their 
development is very long; it lasts five years. 
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a wle of very great importance in the services which carbon disulphide 
might render in destroying the phylloxera of the vine. Monestier, 
Lautaud, and Ortoman concluded that carbon disulphide is not injurious, 
except in the liquid state, when it is brought into direct contact with 
the roots of plants, it is necessary therefore, so as to remedy this 
drawback, to inject the liquid at a certain distance from the plant in 
such a way that the vapours disengaged form around the roots an 
atmosphere sufi&ciently toxic to kill the parasites. With this end in 
view they recommended that the carbon disulphide be caused to act 
from below upwards by depositing this agent in holes pierced to a depth 
of 80 centimetres (31 1 inches) ; although based on an excellent principle, 
the use of carbon disulphide too often caused the death of the vine, 
for the doses used, which varied from 150 — 375 grammes per stock, 
were too strong. Experiments by the Montpellier Agricultural Society, 
due to the initiative of the Viticultural Association of Libourne, led to 
a gradual decrease in the dose, which was definitely regulated to 
12 — 20 grammes only per square metre, say 24 — 28 grammes per stock 
Dumas’ researches showed that even 3 grammes per square metre 
(3-^y oz. per square yard) were sufficient to attain the object in view. 

At the present time the utility of carbon disulphide is no longer in 
doubt; it has rendered, and renders, undoubted services, and its use 
has become universal. Its method of use varies according to the 
parasite to be destroyed. The best results are got when an atmosphere 
containing a dose poisonous to insects and their larvae can be produced. 
This condition is easily realized underground, in granaries, hothouses, 
and under tents of impermeable cloth, with which small-sized trees 
may be covered. In these different cases liquid carbon disulphide is 
always used, and acts by evaporation. When an asphyxiating atmo- 
sphere has to be produced underground, the carbon disulphide is intro- 
duced to a certain depth by a soil injector, which is regulated for the 
desired dose. In soils favourable to the diffusion of gases, such as those 
which are not too compact nor too moist, the vapours of carbon disulphide, 
in a dose of 20 grammes (307 grains) spread within a radius of 30 — 35 
centimetres (10 — 12 inches) around the spot where it has been poured. 
These vapours remain long enough in the soil for the toxic atmosphere 
to produce its effect. According to the parasites to be got rid of the 
dose IS diminished or increased, and injected to a variable depth. 
There are cases where the roots of the vine descend so deeply that the 
carbon disulphide must be injected to 80 centimetres (31J inches), 
whilst to kill the larvae living a few centimetres from the surface, one 
does not go down more than 20 centimetres (7 8 inches). To use 
carbon disulphide it is therefore necessary (1) To ascertain the exact 
spot where the parasites to be killed are, first making a trench and 
making it at about 20 centimetres (7-8 inches) below the invaded zone. 
(2) To choose the moment when the soil is in such condition as to allow 
the diffusion of carbon disulphide vapours into the interior of the mass, 
whilst at the same time it places the greatest possible obstacles in the 
way of their loss. This moment varies with the nature of the soil to 
be treated. A clay soil, for instance, cannot realize favourable condi- 
tions when it is saturated with water, or when it is cracked by drought. 
On the contrary, a sandy soil, after a slight rain, is in favourable con- 
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dition. Tlie most propitious moment is when, the soil presents a 
certain interior mobility and a great enough density on the surface. 
In these conditions the vapour of carbon disulphide easily diffuses 
around the roots, and remains imprisoned by the hard surface, which 
forms a sort of envelope. Those advantageous conditions may be 
realized artificially by injecting carbon disulphide into a very dry soil 
and watering the surface soil, after having carefully plugged the holes. 
(3) Never to stir the soil after treatment, for the carbon disulphide, 
already very volatile, would, in certain instances, escape into the air 
without producing its effect , it is therefore necessary, so as to employ 
it with success, to maintain it as long as possible in the infected zone 
To attain this end recourse has been had to two preparations, which 
allow a less rapid evaporation of carbon disulphide. 

Vaselinated Sulphide. — In 1874 Bouttin proposed a mixture of 
carbon disulphide and nut oil. Cubes of wood, soaked with sulphide 
and covered with silicate of soda have been tried but neither of these 
processes have given good results. Vaselinated sulphide was invented 
by Dr. A. Meunier and examined by Cazeneuve vaseline (petroleum 
jelly, known by this trade name) forms an emulsion with carbon 
disulphide and prevents it from evaporating rapidly. It was hoped, 
owing thereto, to lessen the chances of evaporation into the atmosphere 
and to prolong its action m the soil Mixtures were tried of equal parts 
of the two substances, or of 30 per cent of vaseline and 70 per cent, of 
carbon disulphide. It has been observed by Vermorel and Jossmet 
that the dose of 20 grammes of liquid carbon disulphide placed in 
each hole 35 — 40 centimetres round the vine suffices to kill the phyl- 
loxera, but when mixed with vaseline this quantity is -not enough. 
However, if the holes be brought to within 10 — 15 centimetres of the 
stock, the conditions favourable to the action of this prei)aration are 
improved. Marion and Gastine conclude that there is no advantage 
in this mixture, since the dose of sulphide must be greater to give the 
same result. They further remark * If more than 50 per cent, of 
vaseline be incorporated in the carbon disulphide, the evaporation 
which IS produced during injection is as great as when employed pure, 
and finally the vaseline retains about 15 per cent, of sulphide which it 
only cedes very slowly, and which remains without effect. Wooden 
cubes impregnated with sulphide as well as mixtures of carbon disulphide 
and heavy oils, gave no advantageous results, and the pure sulphide 
should be preferred to all these preparations. It is a great error to 
imagine that carbon disulphide must develop slowly to produce a 
salutary effect. For the action of the sulphide to be effective, what is 
required, above all, is to create almost instantaneously an atmosphere 
highly charged with poisonous vapours around the radicular system 
invaded by the parasites and to mamtain it there as long as possible. 
To slacken the evaporation of the carbon disulphide is to remove from 
it one of its precious properties, that of its great diffusibility. A 
slower evaporation will not create an atmosphere sufficiently toxic to 
kill the parasites. A great number of volatile substances, very poisonous 
to the phylloxera and used in the same conditions as carbon disulphide, 
have never been able to equal it, as their diffusion in the soil was too 
slow. To avoid the loss of carbon disulphide in the usual treatment 
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with the injector, the use of gelatinized capsules containing a dose 
Jias been tried. These capsules are arranged in holes made with a 
soil-injector, and afterwards plugged. Under the action of the moisture 
of the soil the gelatine finally dissolves, the sulphide flows out into 
the soil and rapidly evaporates. The operator has thus a convenient 
time without fearing loss of the sulphide to plug the holes and to water 
the surface of the soil to imprison the vapour after the rupture of the 
capsules In spite of the apparent advantages of this process, it has 
had to be renounced in viticulture because the disengagement of 
sulphide was too irregular and not simultaneous in the zone treated. 
In horticulture these capsules are handy because they are easy to use 
and as they avoid the purchase of a soil injector. (4) To distribute 
uniformly the sulphide in all the soil to be treated. This is done by 
placing the holes at equal distances from each other, and by using 
instruments which enable equal doses of this substance to penetrate 
into the soil. Carbon disulphide may be injected into the soil during 
almost the whole year. However, it is less injurious to the plant if 
the operation be performed during the time vegetation is at rest. In 
any case, its use should be avoided during the flowering period and 
when the fruit approaches maturity. 



Tig. 7. — Excelsior Soil-Injector 


Instruments Necessary for applying Carbon Disulphide.—Tho injector 
already mentioned must be placed in the first rank of instruments 
intended for this purpose. It is a sort of compression pump, intended 
to convey a known dose of carbon disulphide to a certain depth. The 
earlier type consisted of a reservoir in zinc or copper, intended to 
contain carbon disulphide. This instrument possessed, in its interior, 
the body of a pump in which a piston moves. Under the pressure of 
the latter a valve opened and closed the opening of a long channelled 
tube, which penetrates into the earth. An aperture near the sharp 
end lets the sulphide escape. In hard and gravelly soils the workman 
was preceded by an assistant, who pierced the holes with an iron 
crowbar. Vermorel later invented ‘the pal-ExcelsioY, which differs 
from the foregoing by the fact that the valve is placed in a lateral 
tube by which it is possible to have a much stronger perforating tube. 
To regulate the quantity of carbon disulphide it suffices to give a 
longer or shorter course to the piston, by intercalating washers in the 
body of the pump. By this means the 'pal-Excehior can be regulated 
at will for an output of 5, 6, 7, 8, 9, and 10 grammes of carbon disulphide 
at each injection. In actual sulphurization the injector is seized by 
the two handles, then sunk in the ground by the help of the pedal. 
By pressing on the rod of the piston the carbon disulphide is projected 
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into the soil, then the rod re-ascends of its own accord, under the action 
of an inside spring The injector is withdrawn from the soil, and an 
assistant rapidly fills up the hole with a wooden rod ending in a rounded 
piece of iron or lead. To hasten the operation, which ought to he done 
very rapidly, it is well to employ three workmen, and to possess two 
in]ectors A workman fills the container of the injector by a tap 
fixed on the barrel, whilst the second injects, and the third plugs the 
holes. In vineyards arranged for the work the injector is replaced by 
sulphide wagons or traction injectors, which do the work much more 
rapidly, and thus economize manual labour. The mechanism of these 
machines comprises a roll, acting like a pump, which after drawing the 
carbon disulphide into a reservoir, spreads it into a hollow traced by 
the sock of a plough, which immediately covers the hollow which has 
just been excavated. 

In other appliances the organs of distribution of the carbon disulphide 
are fixed to some sort of plough. These machines are criticized for not 
depositing the sulphide deep enough in the soil. To secure a good 
distribution of the carbon disulphide through the layer to be disinfected, 
recourse is often had to 1 per cent, aqueous solutions. At that strength 
the carbon disulphide is not injurious to the plant, but perfectly 
capable of killing subterrannean parasites. 

Disinfection in Closed Spaces. — CSg is used in granaries where 
food-stufis are stored. It suffices in that case to spread on the floor a 
certain dose of carbon disulphide, after having closed all the vents in 
the place. A toxic atmosphere must contain 0*5 per cent, of carbon 
disulphide. When it is required to disinfect a small quantity of corn, 
it suffices to enclose the grain in a cask containing 0*5 per cent, of 
sulphide, and to keep the cask hermetically closed for twenty-four 
hours. The grain sometimes acquires a bitter taste after this treatment, 
but this is removed by stirring the gram with a shovel, or by passing 
it through the fanners. What is important to be pointed out is, that 
the gram suffers no alteration and retains its germinativo and ali- 
mentary faculties. Carbon disulphide therefore presents real advantages 
over sulphurous acid employed in like conditions, the latter having 
the drawback, according to Balland, of removing from the gluten the 
special qualities which enable it to be used in bread-making (see p 63). 

Destruction of Aerial Parasites. — ^When the plant attacked is of 
no great height it is covered with a tent of impermeable oil-cloth, or 
by a zinc bell, or better still, by half a barrel (petroleum), as is done 
in the treatment of vines by sulphurous acid. By this means an 
atmosphere containing vapours of carbon disulphide can be created 
around the tree, capable of rapidly destroying the parasites without 
injuring the plant, whilst, accordmg to Eitter and Moritz, the phylloxera 
under its gallicole form and its winter egg, is killed in half an hour at 
a temperature of 20 — 30° 0. (68 — 86° F.) m an atmosphere containing 
a sufficient dose of sulphide. The vine supports without suffering 
the action of this gas for twelve hours at 20° C. (68° F.). It is, how- 
ever, to be observed that the longer the duration of the treatment, and 
the higher the temperature, the greater is the action of the sulphide 
on the plant. The dose of sulphide to use ought never to be greater 
than 0*5 to 1 per cent. For this purpose 50 — 100 grammes of sulphide 
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per cubic metre are placed in a clocbe or in a flask booked to a brancb, 
or on the soil in a saucer. In hothouses the atmosphere must not 
contain more than 0*5 per cent of carbon disulphide. To destroy 
the larvae of xylophages, such as the larvae of the Saperdes, the grubs 
of Cossus,^ and of Sesia, a poisonous atmosphere is formed in the 
burrows they make m the trunks of trees. To imprison the vapours 
it IS necessary to close the burrows with some sort of mastic. This 
treatment is in no way prejudicial to the plant Where fumigation in 
an enclosed space is impracticable, recourse is had to pulverizations 
with soapy emulsions, made in the same way as those with a petroleum 
basis, and containing 2 per cent of sulphide, the limit of innocuity on 
the tender parts of the plant. In certain cases the invaded spots are 
plastered with the pure sulphide by means of the brush, and that 
chiefly when it is a case of the destruction of the woolly aphis [Schizo- 
neura lamgera). The action of the sulphide employed in this way is 
not so perfect as in a hothouse, or under a cloche, its rapid evaporation 
not allowing of a sufiiciently long action which thus often allows the 
parasite to escape death. 

Use against Cryptogamic Diseases. — Bemato'phora necatnx, Hartig 
— Jean Dufour, Director of the Station Viticole de Lausanne, succeeded 
in arresting RMzoctima of the vine by applying carbon disulphide at 
the rate of 200 grammes per square metre (say about 7 oz. per 40 inches 
square), after having removed the diseased roots. According to this 
eminent observer carbon disulphide not only acts by destroying the 
mycelium of the fungus in a great measure, but it also imparts greater 
vitality to the vine. The latter, rendered more vigorous, resists 
afterwards the action of the fungus which may have escaped the destruc- 
tive treatment Oberlin and Foex beheved that the improvement in 
soils got by the use of the exterminating treatment against phylloxera 
is due chiefly to the destruction of the mycelium of injurious fungi 
which intervening crops are not capable of eliminating, because they 
can live, if need be, just as well as saprophytes as parasites on different 
plants To disinfect a vineyard it is advisable to proceed as follows : 
After having staked out the ground by metric divisions, two holes 
per metre 25 — 30 centimetres (10 — 12 inches) in depth are made with 
an injector and 100 grammes (3| oz.) of carbon disulphide are injected 
into each. In compact soils four holes are made, each of which receives 
50 grammes of sulphide. It is always well to water the ground after 
this operation, so as to maintain the carbon disulphide as long as 
possible in the soil. This treatment is generally carried out in winter, 
and the vines are replanted the following spring. Carbon disulphide 
IS not applied against any other cryptogamic diseases, but it possesses, 
however, a certain action on the spores of fungi. Dr. Delacroix in 
his researches on the Fusmium Dianthi (P. et D.) observed that the 
conidia are killed after seven hours in an atmosphere saturated with 
carbon disulphide, and that the chlamydospores are destroyed after 

^ Cossus LiGNiPBRDA (goat moth) — ^This bombyx lives three to five years as 
a grub which attacks indifferently weeping willows, poplars, elms, fruit trees, 
larches, and many other trees ; it bores holes into these trees of the thickness of a 
finger which in multiplying form immense cavities on the trunk. The caterpillar 
IS bright red in colour; it gives off a decided odour of musk. 
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twelve hours The spores of fungi resist the action of carbon disulphide 
much better than insects, but it is not impossible that the sulphide 
will yet find some applications for the destruction of certain fungi 
refractory to the action of the different cryptogaimc bouillies. 

Use against Anguillulidese (Eelworms) — Heterodem Schachtii 
(nematode of beetroot) —Kuhn, who has principally studied this 
parasite, believes that the exhaustion of the soil m beet cultivation is not 
due, as is generally imagined, to the want of potash or other elements 
necessary to intensive cultivation, but exclusively to the exaggerated 
development of this eel. Eotations are powerless to destroy this 
parasite, because it lives quite as well on other plants Carbon 
disulphide was not recommended until 1877 by Aimo Girard, after he 
had discovered its surprising effects. In Germany, Hollrung also got 
good results by the use of this insecticide, provided it was used 
m a large dose, that is to say, of 1*8 metric tons per hectare (say 1584 lb 
per acre) spread in holes placed regularly 50 centimetres (20 inches) 
apart. 

Heterodera radicicola, Greff, (root eelworm). — Dussuc recommends 
for the destruction of this eelworm the cultural treatment used against 
the phylloxera. The different nematoides that live on the roots of 
all these plants of large scale agriculture, and which neither deep 
cultivation nor rotations can destroy, contribute in great measure to 
create that peculiar state of soil known as exhaustion. In these con- 
ditions when their presence m very great number is recognized in a 
soil, it is well to have recourse to a complete disinfection of the soil, 
using heavy doses of carbon disulphide. This treatment will maintain 
the fields in good condition for several years, especially if care be taken 
not to convey thereon farmyard manure liable to contain eelworms 

Use against Insects. — Insects the larvse of which live at the expense 
of the roots may be destroyed by carbon disulphide used in the 
conditions indicated to destroy the phylloxera. 

Melolontha vulgaris (cockchafer). — In carbon disulphide an infallible 
remedy has been found for the destruction of the larvae of the cockchafer, 
the white worm, on condition that it be applied at the right tune and 
intelligently. Falconnet and Treyre, who were the first to use this 
insecticide as far back as 1883, pointed out the absolute efficiency of 
this treatment. (U.S. investigators state that, though the fumes of 
carbon disulphide have a marked effect on Melolontha, provided that 
the concentration and time of exposure are sufficient, hydrocyanic acid 
gas and chloropicrin are more rapid and complete in their action.) 
There do not exist for this particular application of carbon disulphide 
precise data as to the depth to which the injection should be made. 
The white worm travels, in fact, constantly in the soil; it rises and 
descends according to the hygrometric condition of the soil, and the 
temperature In winter it buries itself at a depth where it cannot be 
reached by insecticides, in summer it ascends, on the contrary, into 
the superficial layers where disinfection cannot reach it, the tension 
of the vapour of carbon disulphide not being sufficient, and the larvse 
often finding enough air to escape asphyxia. It is therefore necessary 
to seize the moment when the larvse are about 30 — 40 centimetres 
(12 — 16 inches) from the surface of the soil, that is to say, about the 
month of October or November, when it descends, or in the month of 
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February, when it re-ascends into the surface layer to commence its 
ravages. So that the treatment may be followed by a complete result, 
it is necessary that carbon disulphide invade the whole zone of soil 
occupied by this dangerous larva; the treatment ought, therefore, 
to be preceded by trenching with the spade which should determine 
for the moment the spot occupied by the white worm. The injection 
IS regulated in such a way that carbon disulphide is volatilized appre- 
ciably in that zone, which will be reached by working 5 centimetres 
further down It is useless to treat the soil during the period of the 
year the perfect insects appear, and which current language designs 
as beetle seasons, the laying being done in the month of June, the white 
worms, which are hatched a short time afterwards, do not yet cause 
appreciable damage, and moreover these young larvae reside so near 
the surface soil that it would be difficult to attack them. The treat- 
ment IS put off generally until the month of February of the second 
year, and the time chosen the moment the larvae appear on the surface 
of the soil. The laying of the beetle occurring only once in three years, 
there is only one favourable period occurring in this interval. It only 
lasts a few months. It can be applied in market garden or in nurseries 
without entailing great expense. It has the advantage of killing at 
the same time rats, mice, moles, mole crickets, grey worms, and all 
the parasites which injure crops. Falconnet and Treyre have found 
that the dose of 10 grammes per square metre (154 grains per 40 inches 
square) is sufficient in orchards to kill the larvoe in the deep layers of 
the soil Vermorel and Couanon recommend a stronger dose, that is 
to say, 20 — 28 grammes per square metre (f to 1 oz. per 40 inches 
square). To spread this insecticide use is made of a soil-in] ector, which 
is regulated to distribute 5 grammes (77 grains) at a time in holes 
placed 50 centimetres (20 inches) apart m every direction. But the 
number of holes and the dose vary according to the nature of the soil 
and the kind of crop. On nurseries planted with grafts, the maximum 
dose IS 200 kilogrammes, say 4 cwt. per hectare (176 lb. per acre) ; in 
these the tool ought to be sunk 35 centimetres (say 14 inches) in the 
soil, so as to inject the carbon disulphide lower than the roots, and 
thus to avoid contact with the liquid sulphide. On a soil free from any 
crop the best moment to treat it is likewise in the middle of the month 
of February, and in general it may be said that injections ought always 
to be made fifteen days before planting, provided the soil is very dry. 
If carbon disulphide has to be employed in the months of May and 
June, whilst the white worm exercises its ravages m the upper layer 
of the soil, Vaucher advises to spread a dose of 50 grammes per square 
metre, in six to eight holes of 18 — 20 centimetres (7 — 8 inches) deep 
Gelatine capsules containing 2J grammes of sulphide render good 
service under these conditions. It is necessary carefully to avoid 
working the soil fifteen days at least both before and after the treatment. 

Eumoljpus F. (Ecrivain). — ^Besides the very efficacious method 

^ Eumolpus vitis, F (Adoxus ml%a) — Chrysomelide 5 millimetres in length, 
elytron (wing shell), maroon red, corselet and head, black. The larvje hatch 
about mid-June and pass the winter following in the subsoil where they feed on 
the vine roots In spring they turn into grubs The perfect insect hatches in 
the month of April or May It first attacks the leaves, drawing straight and 
angular furrows , then the grapes, on which it makes grooves, which hinders the 
development of the grape and prevents it from ripening. 
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which consists m shaking the branches above a special fuiuic‘l 5 carlion 
disulphide, applied as in the case of the phylloxera, is capalile of giving 
good results. It is applied at the rate of 200 kilogrammes per liectare. 
This treatment has succeeded perfectly in Hungary 

Ves^ems Xatarti}—OlivieT recommends destroying thovSe insects 
by treatment with carbon disulphide, applied in the months of J )econiber 
and January. For that purpose, two or three holes are inadi' 25 centi- 
metres (10 inches) from each stock, and into each hole 7 grammes 

oz.) of carbon disulphide is poured 

EucMora vitis ^ (green vine beetle) — ^Marchal recoinimmds carbon 
disulphide as very efficacious in destroying the larva of tiiis b(‘(‘tlc 

Fentodon punctatus^ (Pentodon ponctue). — Dussuc advises (l(‘Stroy- 
ing the larva of this Coleoptera by carbon disulphide, and ])reviously 
to disinfect soils intended to receive grafted plants wlu‘r(‘ this insiict 
is very abundant. 

Letkms cephalotus,^ Fb. (big-headed lethrus). — darbon disulphide, 
it appears, gives good results in the destruction of this Col(‘optora; 
however, it is advisable to make weak injections, for tlicse must lie 
done very near the stock, the insect being always found hidden in the 
neighbourhood of the roots. 

Oryctes msicornis,^ L (rhinoceros). — Carbon disuljdiido gi^ts nd of 
them. 

Melolontha Fullo (fuller beetle); Rhizofrogna (Ki. John 

beetle). — To destroy those insects in infested r(‘gions th(^ sulphide 
should be applied before planting. 

LarvcB of the Elatendes (wire worm). — A groat nurnb<*r may lie 
destroyed m infested fields by laying down small ])i<‘C(‘.s <d apple, as 
bait, which as soon as invaded are collected (see not(% p. H). But 
complete destruction is only possible with carbon disulphid(», which, 
in the different tests made, has always given good results. Toz(‘tti 
has used the sulphide with a dose of 300 — 400 kilogramme's por h(‘ctare 
(264 — 352 lb. per acre), or even at a dose of 100 kilogrammes p(‘r 
hectare (88 lb. per acre) in emulsion with 100 kilogrammes of 4 <‘('nt. 

caustic potash and 15 kilogrammes (13*2 lb. per aon*) fish oil. The 
result is not perfect, except after having renewed tluj tr<*atment, the 
success of the first injections only being momentary. 

^ Vbsperus Xatarti — G reyish longicorn coleoptera, 2 ccntimetn's in 
The female of this Coleoptera lays 200 — 500 eggs in the beginning of winter under 
the bark of vine stocks. This insect is spread chiefly over the north of Spain, 
and in France, in the departments of the PyreneeH-Orientah's and Au<ie. 

^ Euoiiloba vitis {Anomala vitis, green cockchafer of the viia*). 'Fhe fimialo 
of this Coleoptera lays about thirty eggs in the soil roimtl the nteni ; the larvaj 
appear in the beginning of the month of August. 

® PBtTTODOK PUKCTATUS — ^This Coleoptera, mjunouH to vines, much n'seinbles 
the bousier Its larva, which when full grown is twice the size of the w liif<*-wonn, 
lives in the soil to the detriment of the new jilantations of grafted ArniTican viru'S, 
for which it has a marked preference, of which it gnaws the young w'oofi for tuo 
to three years. 

^ Letheus cephalotus (big-headed lethrus), — ^Tho lethrus is injurious to vine's. 
It IS 2 centimetres long, its body is globular and black. The lethrus is chiefly 
met with in Russia and Austria-Hungary. 

® Oryctes nasicoenis. Rhinoceros , — The larva of this largo insect resembles 
an enormous white-worm. Generally it lives almost exclusively on decomposing 
vegetable matter, m melon beds, and in dung in gardens. 
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Brocclii, as well as Molir, Fas obtained excellent results against 
Agriotes sputaior by using capsules containing carbon disulphide The 
larvae of the Elatejides are very hardy, and as they live mostly in the 
upper layers it is advisable to make holes 20 centimetres (7-8 inches 
deep) and run in a dose of 50 grammes of sulphide per metre, say 775 
grains per 140 inches square It would be advisable to roll the ground 
before treatment to consolidate it and prevent the sulphide from 
evaporating too rapidly. Amongst the weevils there are several which 
can be destroyed by carbon disulphide. 

Pentelus gnseus ^ ; Othiorhynckus sulcatus, Fb. (black vino weevil). 
— ^Muller advises to make three or four holes per square metre round 
the tree and to distribute therein by the injector a total dose of 25 
grammes of carbon disulphide. Insects hidden underground should bo 
exterminated at the end of May, and the larvae during summer. 

Othiorhynclius hgustici, L. (Liveche’s weevil) — Treatment with 
carbon disulphide is most efficacious. 0, raucus^ Fb , and 0. p wipes , 
Fb (clay-coloured weevil), both injurious to fruit trees and vines, may 
be treated in the same way. 

BrucTius Pisij^ L. (pea-beetle) — This weevil passes its entire evolu- 
tion on the pea. Peas intended for sowing should be disinfected. 
Rch has observed that the treatment by carbon disulphide was in this 
case as efficacious as hot water. It suffices to treat peas for twenty- 
four hours in a closed vessel and to aerate them afterwards. This 
same process is applied to Bruehus mfimans, Schonh (haricot-weevil) ; 
to Bruehus gramiius, Payk (bean-beetle), Calandra^ granaria, L. 
(calender or wheat-weevil) , Calandra oryzee, L (rice calender), and 
AnoUum pamceim (mai^se- weevil). The larvae of these weevils live 
inside the grain and cause great ravages in granaries. The following 
processes have been used to exterminate them Spread on the door 
of the infected granary 1 litre of carbon disulphide (35-2 fl oz ), pile 
the grain in a heap on the drenched space, and cover it with a tent or 
a cloth. The grain may also be spread in a closed chamber, in a layer 
20 — 30 centimetres deep and 1 — 2 litres of sulphide per ton of grain to be 
disinfected uniformly distributed thereon. The whole is covered with 
sacks, and the sulpliide allowed to act for twenty-four to thirty-six 
hours. This method of disinfection has the drawback of being attended 

1 PjiiRiTELU.s GRiSEUS. — This httio weevil nightly attacks in hundreds the buds 
of the vine and fruit trees Tt preferably hides during the day in the buds or in 
the soil at the foot of the \ino. 

® Bructius. — S mall, squat-shaped weevils which attack the different legu- 
minous seeds, peas, lentils, beans, tares, haricots. Each of these is attacked by 
a special species of uchm, but always in the same way. The perfect insect lays 
its eggs in the spring in the pods as they are being formed. The larvse penetrate 
into the seed; there is generally only one larva per seed except in beans and 
haricots, where there may be two. The seed develops in the usual way, for the 
larva gnaws the albumen whilst respecting the gram The seeds attacked are 
easily known by their light weight, for they float m water, or by the small opening 
through which the insect has made its exit. 

® 0al\ndra (jramariv (wheat weevil) — Black Golcoptera 3 — 4 millimetres 
long, the head is prolonged by a lengthy rostrum The calandra passes the winter 
in the depressions of the floor ; in the spring it gets into the heap of wheat, pierces 
a small hole in the groove of the grain and there lays a single egg The same 
weevil pierces a large number of grains until it has ceased laying 
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by certain fire risks, and that is why it is done far from dwollings In 
that case a cask is used, which is filled with gram, then the carbon 
disulphide is run in at the rate of 500 grammes (1-J lb ) per 100 kilo- 
grammes (220 lb. of wheat) The cask must ho closed, with its lid, so 
L to roll it, first, shortly after closing and then a second time, twelve 
to twenty-four hours afterwards. Nothing remains to b(‘ dom^ but to 
empty the gram, which is perfectly disinfected (Pal)st and Hollrung). 
The resultant bad taste does not last long, and it rapidly disappears if 
the gram is shovelled a few times, or passed through tin' fanii(*rs, 

Hyjpera polygom —The larva of this weevil attacdies its(df to the 
stem of the poppy and forms a disease of that plant. »S()rau(‘r advises 
the application to the stems of a soap emulsion, containing a little 
carbon disulphide 

Saperda carchanas,^ L. (large po})lar l()ngic<jrn) -- Ft is recom- 
mended to inject carbon disulpbidc into tho liiirrows ()ccupi<‘d hy the 
larvse and to stop the holes at the base of the trunk with mastic. The 
larvae of Lucanus cervus ^ (stag-beetle) in old oaks ar(‘ d<*stroyed in the 
same way, as well as numerous capricorns, of which th(‘ following are 
the principal : — 

Ceramlyx heros,^ F. (great capricorn injurious to oaks) ; (^mimhyx 
dilatatus, Ratzeb. (maple capricorn); (hderum calmarirnsiH (elin 
galeruca). — The larvae pass through their first siag(‘ of metamorphosis 
underground, in the neighbourhood of the tre(\s, in tin* (md of duly, 
and the perfect insects pass the winter in the sames s])ot.. It. is t li(»r(‘fore 
at these two periods that it is possible to d(»stroy tlnmi fiy inj(‘cting 
into the soil 50 grammes of carbon disulphid(3 s(|uare in(*tr<\ spr(‘a(l 
all round the stock, m eight holes only 20 centim(‘tn‘S (7*8 inches) 
deep. Watering of the soil before the appli(‘ution facilitati's 1 he a(*tmn 
of the sulphide on these insects lodged m tho upfXT part of the soil. 
Carbon disulphide has also been employed with c(}ual suc(*<\ss against : — 

Gryllotalpa vulgaris (Courtiliere, Taupe, Grillon), (mol<*-(Tiek(‘t, 
churr-worm, eve churr, or earth crab).-— Soils an* nuuh'nsl immune 
for ten years by carbon disulphide on condition, how<*vi*r, that t.h<ire 
is co-operation between the different proprietors of th(t neighbouring 

1 Sapeeda carchaeias (shagreen saperda). — Among longic.orn <'(>I(*(>piera 
injurious to wood, the saperda is one of the most common. It is 27 nullimetrcs 
m length, browmsh-yellow colour, the elytra carry black projecting points which 
impart to them a shagreen appearance The larva of tlu» KaiK*rda is jon<* of the 
most dangerous to young poplar plantations. The trunks of certain poplars, less 
than twenty years old, are sometimes riddled with holes to such a pitch, that a 
slight gale suffices to cause them to fall Hapjbkda i»oi»rnNK\ (saperda of the 
poplar).—ThLS saperda is only 10—12 millimetres in length; it is bIa(*kiHh-brown; 
the el^ra are spotted with small yellow dots. ^ 'Pho hsmale lays its eggs in the 
branches of the poplar. The larva penetrates into the bianeli, and there boros 
a long hole. 

2 Ltjcantjs cervus (stag-beetle) — Large Colcoptera, H - 4 centim<*tres long, 
furnished with very highly developed deer-horn -shaped mandibles. 'Phe larva*, 
the development of which takes four to five years, b<jre holes in the, trunks of 
the oak, birch, and beech 

® Cbrambyx heeos (the great capricorn).— Black (loIeopt(*ra 5 centimetres 
long with two long antennse which in the male are longcT in the body. Tho larva* 
winch are very large attack the oak preferably; they take three years to hecomt* 
perfect insects and cause the death of the finest trees by tlio numerous and wide 
burrows which they bore in the trunk. 
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cultivated fields The sulphide is employed at the rate of 40 grammes 
per square metre if the soil is compact, and at the rate of 30 grammes 
only when the soil is light. The latter type of soil is always preferred 
hy the insect. In Italy, near Nola, where mole-crickets have caused 
serious ravages for twenty years, carbon disulphide has been used over 
a great area, and has been recogmzed as an infallible insecticide. 
Janin advises gardeners to use capsules containing 3 grammes of 
sulphide, and to deposit them here and there in their burrows, and 
afterwards to water the soil It is preferable to make injections in 
the burrows, by making numerous boles, m the spring. 

T%pula oleracea^ (daddy longlegs), Ti^ula pmtensis (the spotted 
garden gnat). — Marechal got good results by injecting carbon disul- 
phide To free a lawn from the larvae of these insects 20 grammes of 
carbon disulphide should be spread in three holes per square metre, 
the grass trenched after a few days and sown with the seed. There 
may be destroyed m the same way the Tijpula crocata and the Ti^ula 
melanocem, injurious to young plantations of Ahies halsamea and of 
Finns sylvestns. 

Spilographa cerasi,^ P. (cherry spilograph, cherry fly) — Besides 
the process which consists in collecting all the wormy cherries, Taschen- 
berg recommends as an excellent means of destruction, to bore numerous 
holes, in the month of July, of 10 centimetres (4 inches) m depth, 
around the cherry trees and to run in a little carbon disulphide, to stop 
them afterwards, and water the soil. The soil under the tree may 
also be watered with a solution containing 1 part in 1000 of carbon 
disulphide. 

Vespa vulgaus (common wasp), Vespa crabo. — To destroy these 
hymenoptcra 20 grammes, say oz. by weight, of carbon disulphide 
is run into their nest during the night, and the orifice plugged. 

Agrotis segehim, W. Y. (common dart moth). — The grub of this 
moth is known as the grey worm. Coste-Eloret has observed that 
the Erench vine, which regularly undergoes antiphylloxeric treat- 
ment, does not suffer from grey worm, whilst American vines, which 
are not treated with carbon disulphide, suffer much. The grubs of 
the following insects may also be combated by carbon disulphide, 
using the same process : — 

Agrotis exclaniationis ® (heart and dart moth), Agrotis Trilici,^ Agrotis 
Ravida, W. V., Agrotis nigneans, L, and Agrotis cotticea, all injurious 

1 Tipula oleuu'ba (meadow tipula). Tipula pbatensis (garden tipula) — 
The tipula* resemble large gnats with long legs ; the body is grey, highly elongated. 
These large mosquitos lay their eggs in June m the soil. T'he larvee (large grey 
grubs, known as leather jackets), which hatch m eight days, live underground, 
where they attack the radicles of kitchen garden plants and ornamental plants 

® SxuLoaRAPJi V CBitAsi (cherry-fly). — ^This fly, 4 millimetres long, is brilliant 
black with a head and legs yellow and the wings crossed by four black bands ; it 
appears at the end of May 'i’he female lays a single egg on each cherry, preferably 
on the hzfjarreau and the geans. 

® Aqkotis ex(’Lamatioki.s or NocTtrA excl\mationis. — T he heart and dart 
moth. Dark lilac caterpillar, three bright longitudinal lines. The caterpillar 
gnaws the neck of roots and kitchen garden plants, turnips, asparagus ,* in spring 
it IS particulaily injurious to vines, the buds of which it gnaws 

* Agrotis Tkitici. Nociua of Wheal — 8eo Agrotis seoetum (p 20) — Similar 
caterpillar also called grey -worm. 
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to crops Agrohs vestigiahs, Hfu., injurious to and larches 

Hesjpiahs Humuh, L. (the otter moth), the larvje of wliich ^^jiaws the 
large roots of the hop from the month of August to th(‘ mouth of April. 

Oossus hgmperda, L. (goat moth) — TasclieiilnTg reeoninuuids to 
make injections of carbon disulphide in the_ burrows as soon as the 
grub appears, and to close the orifices with inastut; tlie grub is 
asphyxiated without injuring the tree. Trees attackecl Jut(‘riorJy by 
the grub of the following butterflies may be trt^ated similarly 

Zeuzera Msculi (leopard moth of chestnut), Sesut agnfomiH, L.^ 
Hornet (wood leopard moth) 

Phthonmeea operculella, Zell All stages of the potato iuhi^r moth 
can be killed in mature potatoes by fumigation with carbon disulphide 
at the rate of 2J lb. per 100 cu. ft. injected at a 27 in. iniinuiry vacuum. 
This treatment cannot be applied to new, immature potatoi‘s, as the 
fumigation causes scorching. 

Amongst the Microlepidoptera which may be comliated liy carbon 
disulphide, those injurious to stored gram may be quot(*d, siudi as 

Bitotraga Cereallela, A. (grain alucite); Tium gmnella (grain mite); 
Asopia fannalis (flour mite). — They are destroyed like the wheat 
weevil 

Cemiostoma scitella,^ Zell. — Sirodot recommends to com])at this 
grub and exterminate the butterfly to hook on to tlui tr(j(‘ a flask 
containing carbon disulphide. All the Lepidoptera, of which the larva) 
are minute, may be destroyed in the same way, such as Elachinta^ 
Nepticula, Incurvaria^ Ooleopliora, Oosmoptcru, OracUurla^ etc. 

Plant L%ce. — ^According to a report of the Minister of Agriculture 
of the United States, all root lice, of which the j)hylIo.\:(*ra ih th<» l)(*st 
known, may be destroyed by carbon disuljjhide injected into the soil, 
around the infected plant. Amongst these hc(‘, which iiv(‘, (ui roots, 
the following are the most important. Phylloxem, Konsc.; Hvhizo- 
neum, Hart.; Pemphigus, Hart.; TycJica, Koch.; Tmmn, H(*yd ; 
Rhzobius, Burm. These lice, which, for the most jiart, do noi'hve 
exclusively on the roots, become especially injurious lu*cauH(‘ they 
wither the latter up by their perpetual suction, and so kill the* tree. 

Phylloxera vastatrix (phylloxera of the vine). • To (I(*.sfroy tlie 
phylloxera, either aerial or underground disinfection is us(*d. Tlie 
aerial disinfection of the winter egg of the p]iyllox(‘ra, urid(*r flu* form 
of “ gallicole,’’ is done by methods described further on. How(‘ver, 
it may be carried out by means of carbon disulphide on grafts and 
buds from a contaminated region, because a sojourn of an hour in an 
atmosphere saturated with the vapour of this insecticide is Hufhtu'eiit 
to kill the phylloxera and its eggs. Buds ami plants may ]«* so dis- 
infected. 

Underground Disinfection.— This method of di.sinf(Httion is the 
most important. It is, in fact, because it witliers the roots of tlie 
vine that the phylloxera kills this plant and destroys entini vim^yards. 
Amongst the numerous insecticides, proposed for the (hsstruction of 
the phylloxera, carbon disulphide, and its derivative's, the suljjho- 

^ Cemiostoma scitella (black sjjots of the leaf of the pear), — Microlcpidopt(‘ra, 
the caterpillar of -which is minute, which is to say that it gnaws burrows b(*tw'<‘en 
the two epidermes of the leaves of the pear. "J’hose s^Jots become black. 
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carbonates, bave alone given good results. According to the district, 
and also as circumstances may require, two distinct treatments may 
be applied . — 

1. The extermination process, destroying all the insects of the vine 
and the plant itself. 

2. The cropping process, only destroying a portion of the insects, 
and not injuring the vine, so that the latter, in spite of its parasites, 
may produce sufficient crops. 

Extermination Treatment. — In districts far from invaded centres, 
where an invasion of the phylloxera is in its initial stage and shows 
itself in certain isolated spots, which threaten a whole vineyard, there 
must be no hesitation at the right moment to adopt the extermination 
treatment, which is capable of radically arresting the propagation of 
the insect, but it is necessary to sacrifice, at the same time, the attacked 
vines. This process, which is less and less used, since by the cropping 
treatment the plant may be maintained in a passable state of resistance, 
was in use, and even obligatory, in the borders of France, Switzerland, 
and Alsace-Lorraine, the vineyards of which, constantly threatened 
by destruction, were only preserved by these drastic measures The 
extermination treatment is as follows : As soon as the phylloxera 
makes its appearance in a vineyard, the vine stems are cut down level 
with the ground, over the whole surface infected; these stems are 
burned on the spot. Before pulling up the stocks, holes 60 centimetres 
(24 inches) deep, 50 centimetres (20 inches) apart, in all directions, 
are made in the soil, and 50 — 100 cubic centimetres (If — 3| fl. oz.) of 
carbon disulphide poured into each hole, which is plugged. If the 
soil be dry it is slightly watered, so that there forms on the surface 
a slight crust, which prevents the too rapid evaporation of the insec- 
ticide into the air. Three years after this disinfection all the stocks 
with their roots are pulled up and burned on the spot, after drenching 
them with tar. Fifteen days afterwards two new applications are 
made with weaker doses; 50 cubic centimetres per hole then suffice. 
In Alsace-Lorraine, where this treatment was prescribed, it was for- 
bidden to replant the vine for ten years. Since the researches of 
Oberlin and Dufour have cleared the minds of the authorities, the vine 
can be replanted the spring following the treatment. These vines are, 
moreover, of extraordinary vigour, and yield from the fourth year a 
better crop than that obtained iii untreated vineyards. If the extinc- 
tion treatment was capable of retarding the phylloxeric invasion for 
several years, it has never, on the other hand, prevented subsequent 
invasions, so that this very costly treatment has been abandoned. 

Cropping Treatment. — Instead of destroying the vine by heavy 
doses of 2 1 tons to 3 tons of carbon disulphide per hectare (1 ton to 
24 cwt. per acre), its sanitary condition is to-day improved by an 
annual disinfection of 200 — 250 kilogrammes per hectare (176 — 220 lb. 
per acre), accompanied by more abundant manuring; instead of losing 
the precious time required to form a vineyard, the attacked vines are 
maintained in a good state of production. There are some that stand 
this treatment for thirty years, and are in perfect health. In Mouille- 
fert’s oj)inion, neither the cropping treatment, even in big doses, nor the 
submeision, nor other niethods, give anything but incomplete results. 
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Some insects always escape destruction b^'caiiso tin* distrihutioii of a 
gas or a liquid through a layer of soil of Lm(‘(jual eouipositioii can 
never be perfect. If this treatment be not annual, it will he of no use, 
but annual treatment accomplishes iierfectly tlie end in view, for it 
then annually frees the vine from the greater numlxT <jf its parasites, 
and enables it each year to regenerate its atmjiliied roots, and to live, 
therefore, with its parasite without suffering too nuieli from it. Every 
rational observer must therefore acknowdedge t,hat if tins proc(‘ss be 
not perfect, and that plants grafted on vines immune io this insect have 
been the safeguard of the vine-grower, carlion disul[)hi(l(‘ has rendered 
great service by preserving the greater part of the French vines m a 
good state of production. The pure sulphidts or its solution in water 
may be used. 

Use of Pure Carbon Disulphide. — So that tlu‘ tnuitinmit, with carbon 
disulphide may give the desired result, it must lx* used according to 
the rules established by numerous exp(*riments, and formulated by 
our learned professors. The accidents and mishaps that hefel (‘(*rtain 
vine-growers were due to working during bad ])<‘riods, and on unfit 
soil. Dr. Colas formulated rules as follow for the mo of carbon disul- 
phide : (1) Treat the phylloxera as soon as it aj>p(*ars. (2) Treat the 
whole of the vines, and not the spots only (3). Ajiply (‘urbon disulphide 
in doses of 18 — 20 grammes per square rnetn*, say jj of an (wt.) 
per square yard. (1) Make injections between tlui niocks so as to 
place each of them between four holes, avoiding toiudung tin* roots 
with the injector, (5) Sink the latter only 113*- 20 c(*ntinu*trcs (0-8 
inches) deep. (6) Take care to plug the holes nnm(xiiat-(‘ly aft(‘r the 
operation. (7) Always take care to let }H‘avy soils, which ri^taiii 
water a long time, drain after lieavy rams and thaws. (8) Avoid 
treatment at the two seasons of the year when the sap h(*gms 1o move. 

(9) Cultivate and manure the vines treated in a suitahh* manner. 

(10) Avoid treatment when frost is feared. 

These rules have not been appreciably alten'd up to now. To 
create around the vine an atmosphere uniformly charged with vapours 
of carbon disulphide, uniform doses must be ma<l(‘, to pmu^trate into the 
soil at equal distances. An arrangement of holes as uniform us possible 
must be chosen, and the treatment applied uniformly ovc*r all the 
extent of ground to be disinfected. Not less than 20,000 holes per 
hectare (say 8000 holes per acre) must ever be*, inadi*, nor less than 
40,000 (16,000 per acre) in land only slightly pernH»ahI<*. A distance 
of 30 — 40 centimetres (12 — 16 inches) is gemsrally kt‘pt from tin* foot 
of the vine, so as to avoid wounding the larg<‘ roots. Ju many (lases, 
however, deep injections can be made at 20 contifm*trcs from the 
stock. The^ amount of sulphide injected per hole (l(*p(‘rids on the 
number of injections per square metre. At Libourms for (*xamf)le, 
only 12 grammes is injected per hole, say 160 kilogrammes (352 Ih.) per 
hectare (141 lb per acre), instead of the dose of 200 kilogramuK^s (440 lb.) 
per hectare (176 lb. per acre) usually employed in the Khoms where 
the vines produce in consequence of this methodical tn*atment as 
beautiful crops as before the invasion of tho phylloxera. Th<* dose 
to use depends, moreover, on the depth of soil and the age of tint vine. 
If it be desired to bathe all the root system in a toxic atmospb(‘re, 
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three holes must be made 1-2 metre (4 feet) deep, the roots of certain 
vines being more than 1 metre (3-28 feet) in length Cabanel and 
Degrully, however, advise not to go beyond a depth of 50 centimetres 
(say 20 inches). In compact soils 20 centimetres (T 8 inches) is enough 
When holes are made m the immediate neighbourhood of the stock as 
the tendency is now, a depth of 8 — 10 centimetres (3—4 inches) is not 
exceeded The greater number of vineyards is treated by the injector 
In large vineyards, however, the plough is enijiloycd as follows In 
vineyards wliere the linos are a metre (3 28 feet) apart, two turns of 
the plough are given between the lines Each line of treatment is 
25 centimetres (10 inches) from each row of stocks. In the case of 
vines planted at greater intervals care is taken to maintain the distance 
of 25 centimetres from the stocks for the first line, the others are 
50—00 centimetres (20 — 21 inches) from each other, but it is best 
not to approach th(^ rows of vines too closely, for at 5 — 10 centimetres 
(2 — 4 inches) they siilTer from the injections Siilphuretting ploughs 
were introduced with great ontluisiasm, but they did not give the 
results anticipated. That is, because in spite of their ingenious arrange- 
ment, the carbon disulphide cannot be introduced to any depth, 
without meeting and wounding the roots. The great advantage of 
these improved instruments consists in the fact that a man and a 
horse can treat I hectare (1| acre) with them m a day The work, 
moreover, is very uniform as regards distribution and dose, especially 
•with intermittent jet drainers. The latter, especially, have the great 
advantage of greatly facilitating the diffusion of carbon disulphide which 
is projected witli force, and which is divided almost instantaneously. 
The efficiency of tlie treatment by carbon disulpdiido depends especially 
on the nature of the soil, and Degrully is of opinion that there exists 
for each soil a jiropitioUvS moment favourable to the uniform distribution 
of carbon (lisuli)hid(‘ , this moment should b(‘ observed and chosen by 
the vine-grower. In ])(‘nneabl<‘ or sandy soil, cracked or too dry, the 
carbon disiiljiliide will esc*ape without producing its effect. But in 
compact moist or clay soils it does not s]iread enough and remains 
concentrated around thf‘ hoh‘s, tlius destroying a portion of the roots 
in their neighbourhood and nmiaining without (dfect on a great part 
of the soil afl*(*ct<'d. Tlu* treatm<*nt must therefore be deferred until 
the soil IS neither too moist nor too cracked by the heat. 

Although tlie painstaking observer will always be capable of utilizing 
the sulphide against thi^ phylloxera in no matter what ground, its use 
is exclusively recommended in ine<lium ground, neither too light nor 
too heavy, neither too moist nor too dry. J ust as the treatment should 
never be applied after tillagis which by lightening the soil lets the 
sulphide evaporate too (‘asily, it is necessary to wait fifteen days before 
trenching or working. The most favourable time for treatment depends, 
moreover, on the condition of th(‘ vine; although the latter does not 
suffer from this treatment when the dose is small, y(‘t it is advisable 
to choose the time when the sap is at rest. October or November is 
preferably chosen for making injections; February and March are 
quite as favourable vSo that the action of the sulphide be complete, 
the vine must be allow(*d to reconstitute its root system by giving it 
abundant inanun^, especially mineral. When the vine has been sul- 
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phuretted annually from tho time of tlio invasion, it, ihmhI not n‘coive 
further care than what jt usually gets 

Use of Carbon Disulphide Dissolved in Water. TIn‘ carbon (lisnlpludo 
used in the beginning of the phy]lox(‘ric invasion, having too often 
caused the death of the vine, it was thought that l)y dissolving the 
sulphide in water it would be less hurtful. A saturat(‘d solution, ? e, 
containing 0 5—1*2 per cent of carbon disulphides is p(‘rfi‘C‘tly capable 
of combating the phylloxera, it kills it in twtmiy-four liours. The 
advantages of this method are that it is porh'ctly hannli^ss to the vine 
even when it is in full vegetation, and that it can s(‘cur<^ a uniform 
distribution in the soil. According to Dcgriilly, the action of these 
solutions is the more perfect the more pornioal)l(‘ tlu‘ soil. Under this 
form the sulphide acts quite as well as potassium sul})hocarbonat(% and 
has the advantage of being much cheaper; 200 Ib. of sulplioearbonate 
employed in the same conditions as 10 gallons of carbon disulphide, 
in 1 per cent, solution do not give so good a r(‘sult. To ])r(‘pare a 
solution of sulphide, Fafeur freres have designed an afiparatus capable 
of spreading water on a layer of carbon disulpliid(% in a elos(*d res(‘rvoir. 
A current of water flows through a pi])o of suitable dinuMisioa drawn 
out to a point The pressure obtained by th(^ drawing out and the 
speed of the current is exerted on the ujiper part of a r(»ceiv<‘r full of 
water and sulphide which, owing to its density', always o(‘eiipies the 
bottom of the receiver. This pressure is transniitt(»d to tin* r(*(‘eiv(‘r by 
two orifices. The solution is thus pro(luc(*d under pressun* in a closed 
vessel by the junction in a pipe of two jets of suljiliidi* and of water, 
the intensities of which are always proportional to each otli(‘r. By 
opening the gauge taps the dose is regulated fnim 0*5 1*2 pi*r cent. 

The sulphuretted water is carried by buek(*ts or a long wat(*ring pipe 
into small holes specially dug round the stocks. Thesf* holes should 
be well made, horizontal, and separated from eaeii other by nnuuids of 
earth so that the liquid is »sproad uniformly in t}n» soil VVorking on a 
large scale steam pumps carry the sulphun*tt(‘<I water several kilometres 
(kilometre = 0*625 mile) by means of a galvaniz(*d iron pipe. The 
average amount of sulphuretted water for each st,ock is 20 litres (4*4 
gallons), and the solution contains 0*5 ])er c(*iit. of sulphnle in sunnner 
and 0*7 — 1 per cent, in winter. The soil should be ret urm‘(I to its i>lacc 
as soon as possible after treatment. 

Insecticide Irrigations. — These examined and re<*onimended by 
Duponchel represent the most improved and rational syst(»m. Under- 
ground irrigation, already very efficient in itself (‘sjieeialiy wh<*n manure 
IS added to the water, appears to be a method of tn*atmcnt tliat can 
be usefuUy applied in the treatment of the vine attaokf*d liy tlie ])hyl- 
loxera. But although the ordinary treatimuit (‘nablf*s the of 
diseased vines to be improved, it could not in itself con»stit utf* a sullicient 
remedy to kill the phj^lloxera and annul tlui disastrous (*fTe(ds of that 
insect. Insecticide irrigations have a very salutary (*flVct on vines and 
fulfil the end in view. Carbon disulphide cannot, in fact, sufli(‘(‘ by 
itself alone to re-establish the health of a (liseasf*d vim* during drought, 
or when root growth is stopped To attain this salutary (*iTect it is 
necessary to follow up the injections of sul])hi(l(i, which in destroying 
tlie phylloxera suppress the evil by an underground irrigation which 
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causes the effects to disappear by fortifying the roots and giving new 
vigour to the vine It is better to combine the two treatments m a 
single one and to apply simultaneously to the plant, along with the 
water carbon disulphide and the necessary manures. This method of 
diffusing the insecticide throughout the whole depth of the soil, in a 
dose which it is known cannot injure the plant, produces an excellent 
effect. The irrigations ought to penetrate 20 — 24 inches into the soil. 
They require 1000 cubic metres of water per hectare, say 100 kilo- 
grammes (88 lb. per acre) of sulphide, which represents 30 cubic 
metres (6600 gallons) of sulphide vapour (2640 gallons per acre). A 
stronger dose would injure the vine, especially during the epoch of vegeta- 
tion, which lasts eight months. Insecticide irrigation is differentiated 
from the sulphide treatment by the fact that the first can be applied in 
the spring, in summer, and m autumn without prejudice to the plant, 
whilst the latter can only be done during the repose of vegetation. 
The irrigation water is brought to the culminating point of the vine- 
yard to be treated. At this point it is mixed with the carbon disul- 
phide in a tank, called the bubbling tank, and arranged so that the 
water charges itself with carbon disulphide without being able to carry 
away with it what has not been dissolved The same bubbling apparatus 
used to dissolve the sulphide may serve for dissolving the manures, so 
that the water entrains them and distributes them throughout the 
whole extent of the diseased vineyard. To produce good results the 
irrigation should be underground and the surface of the soil should be 
maintained constantly dry and friable by tillage or by hand hoeing, 
carried out after watering, and renewed each time that ram has strongly 
packed the soil To secure good underground distribution it is neces- 
sary to lighten the soil by tillage and to open around each stock a small 
ordinary stripping basin. These basins are connected with each other 
so that they can be filled in succession If the tanks have only the 
slight slope required to ensure the flow of water without a gush, the 
water introduced into the basins will filter into the soil without moisten- 
ing the surface layer. As soon as the liquid is completely imbibed, 
the holes are filled with dry earth and the soil is soon afterwards tilled 
and hoed. The large quantity of water which these irrigations require 
renders the treatment almost irnjiossible. But when a spring with 
an output of a litre a second (13*2 gallons a minute) is available the 
quantity of water produced suffices to irrigate 10 hectares (25 acres). 
Underground insecticide irrigations, although useful in all cases, are 
particularly favourable in the hot countries of the South of Fiance, 
where it is necessary to ameliorate the hygienic conditions of the vine 
by moisture to enable it to reconstitute its root system, after being 
freed from the insect which caused the disease. 

Sclmoneura lanigem, Hausm. (woolly aphis). — The disinfection of 
the branches, as is done by applying various insecticides, is not enough, 
for there exist underground hot-beds of infection which reinfect the 
crown of the tree. Oarbon disulphide, used in injections round the 
plant, forms an excellent means of destroying the aphis living on the 
roots. Taschenberg and Goethe have recommended the use of carbon 
disulphide to destroy the colonies existing above ground. They advise 
for this purpose the use of a stick, to the extremity of which a lump 
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of cotton- waste clipped in carbon cliHii]plii(I(‘ is Tlie woolly 

aphis can thus be destroyed at all s(*art<mH witliout injuring tin* ajiples. 
The colonies must not be overlooked, ami it is advJsa})lo to recom- 
mence the treatment some time after the first Tar^ioni and Sorauer 
recommend soap emulsions for the same object, t.h(‘ first a 2 ptir cent, 
carbon disulphide one, and the second a 4 per cent. one. Gold’s liquor, 
recommended for the destruction of the woolly ajihis, consists of 
20 grammes of [spirits of turpentine, 20 graninies f)f carbon (Iisnljilude, 
and 60 grammes of curdled milk Amongst th(» mi(l(‘rgroiin(l ground 
lice that often occasion great damage are the — 

Schizoneiira grossulance, Scbule, which sucks llie roots of the 
gooseberry. 

A^his PersiccB mger (the poach tree a])bis).— This ajihis causes 
ravages in peach orchards in America. 

Tychea pJiaseoh, Pass. — The presence of whicli, on tin* roots of 
haricots, cabbages, and potatoes, sometiimss cans<‘H thmn to {lerish. 
All these insects may he combated like the phyllox(‘ra. The lice 
which sometimes damage certain plants are sucf‘(‘ssfnlly coinliated 
when it IS possible to cover the plant with an awning or a cloclic (bell- 
shaped vessel) under which a few grammes of earbon disulphide are 
laid. According to Smith all the lice are kilh‘d m an hour. Even 
after twenty-four hours’ treatment at the ordinary tfunjicratiire the 
plant does not suffer. Soap emulsions, 2 — i per ('i*nt., have likewise 
been applied in a general way, but tliese latter, whndi Hometinies 
succeed perfectly, may completely roast th(» l<‘av(*s, fdiicdly tho.se that 
have been wounded 

Goccides (cochineals, kormes). — In a gcuuTal way the f'wY7V/e,s‘ resist 
carbon disulphide to a greater extent tliaii th(‘ Aphidva, l)ut t hey do not 
resist a sulphuretted atmosphere. By (h‘st roving the (‘oecis the 
fumagine (smut of fruit trees) is arrest<*<l. 

Coccus mtis, L, syn. Pnhimria vifis (re<l eonuH of tlie vine); 
Dactylopius mhs (white coccus of the vim*). - Turgioni-Tozzetti and 
Pastre recommend carbon disuljihide cnmlsionH. 

Diaspis peutagona, Targ.-Toz^ (mulberry kenm^H), • Franc'(‘schim 
recommends for the disinfection of buds to J)lac(‘ tiie hrancdies Ixdore 
detaching them from the tree m an atmoHj)h<Te of earlum (ILsuIphide. 
With this end in view, the end of tiio braneli us placed in a tight 
cylinder, where it is left some hours in contacd/ with a toxic utmospliere. 
This treatment whilst disinfecting the buds i.s not injuriouH to tliem. 

Orange scale insects ■ (1) Aspiiliotm Liwont, Sign; (2) Myfilaspts 
jlavescens, Taxg.-Tozz ; (3) Glmjsomphilm mimr. The first, (^sp^»cialIy 
injurious, in Italy induces the fumagine, tlie last two, imported from 
America, dot the organs attacked with small ytdiow sjiofH, Hoffmann 
recommends spraying with carbon disulphicie eniulsions, containing 
2 per cent, of soap and 2 per cent of sulfihide. IMh advises the 
destruction of these parasites in greenhouses and pot plants hy covering 
the latter with an awning, and producing a »ulphurett(‘d tilinosphere, 
120 grammes of sulphide sufficing per cubic metn*. 

Saperda Candida, P. (round-headed apple-tre(‘ borer) is a serious 
pest of apples and quinces in some parts of Ptuinsylvania. Th<‘ remedies 
suggested are cutting out the borer or killing it with wire unci injecting 



USES 01 CARBON DISULPHIDE 


85 


carbon disulphide into the holes, afterwards stopping the holes with 
clay or soap. Where infestation is severe, a wash of lime-sulphur 
sludge should be applied m the middle of May and again about mid- 
June as a repellent 

Goat Moth — Injections into the holes bored in trees by the larva 
of the goat moth are recommended by the British Ministry of Agriculture 

Platyedm (Pectuwphora) fjossypiella (pink bollworm) — In St. Vincent 
experiments were conducted to determine to what depth carbon disul- 
phide would penetrate cotton seed meal and deal effectively with the 
pink bollworm. Under the conditions of the experiment, the fumigation 
was effective against the adult moths at a depth of 12 in., against 
larvae at 8 in , and against pupae and eggs at 6 in. A second fumigation 
would probably be advisable after an interval of from 7 to 10 days, 
as by that time transformation would have occurred of any eggs and 
pupae not killed by the first fumigation Cotton seed meal could 
therefore be effectively fumigated in bags with a diameter of 12 in. 
In the case of cotton seed, the effective range of the fumigant might 
be greater, as the material is not so closely packed There are no 
indications in these experiments that P. (jossypiella can breed or 
maintain itself in cotton-seed meal. 

Mmnmals , — The rodents which cause damage, such as the mouse, 
field mouse, ground s(|uirrel, rat, and even the mole, may be destroyed 
by pouring carbon disulphide into their burrows and stopping the 
orifices of their nests It takes 20 grammes (say | oz.) for the Mus 
syhaiicus, L , Borghi , 10 grammes (say \ oz ) for the ground squirrel 
{SpermopJiihis cifillm, Bajor); for rats CO grammes (say 2 oz.) are 
necessary The most radical method consists m steeping rags in 
carbon disulphide and in inserting them deeply into their holes, which 
are afterwards plugged with plaster, mortar, or a plug of hay coated 
with potters’ clay. 
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SULPHUEOUS ACID — SULPHURIC ACID (OIL OF VITUOL) ~ 
HYDROCHLORIC ACID— NITRIC A('II) 

Sulphurous Acid, SOg.—Preparation.— Tins gas is |)iv])aiv(l on the 
large scale by the oxidation of sulphur. Wlien Hulj)lnir is ]i(‘at(‘(] in 
contact with air this product burns and is c<)nv<*rt(‘d into sulphurous 
acid. Pyrites, or sulphide of iron, which is roasti^l ut a gr(*ai, heat, 
may also be used to obtain the same acid. That is tin* process most 
usually employed. The gas is led into a gasoimdcr, wlicn* it is li({ucfi(‘d 
by cooling 

Properties. — Sulphurous acid is colourL'ss and vmy fluid If boils 
at 8° C. below zero, its density is 1*45. )Sii]j>hurous acid is not com- 
bustible. Its use IS, therefore, attemh^l with no risk of fire. R(‘Spin‘d 
m largo quantities it induces sutfocation, but in small quantities it is 
not injurious to man. 

Action of Sulphurous Acid on Plants.- -All jdants, without <‘X(*eptioii, 
suffer in an atmosphere of SOg. The heaves absorb t his gas, \ <‘ry much 
attracted by water, and hydrate it. Almost all the siilplmrous acid is 
retained there, and they are the first to sufbT. A very small quantity 
then passes into the wood of the plant. Under t he infiumuM* of tin* solar 
radiation the hydrated sulphurous acid is transformed into sulphuric 
acid, with liberation of sulphur, according to Locnv's (‘((nation : - • 

3H2SO3 == 2H2SO4 + H -I HgO 
Sulphurous Sulphuric 8ul- \Va<<‘r 
acid acid phur 

The numerous analyses made on dead plants, aft(‘r the absorjition of 
sulphurous acid, all, in fact, give aluiormal quantiti(*s of suljdiuric 
acid. 

Wislicenus, who widened the question by V(‘ry c()nclusiv(‘, e.xperi- 
ments, believes that sulphurous acid, absorb(‘(l by *th(‘ (ilant', has no in- 
jurious action on the latter, except the plant lx* full in tin* light, and 
especially in full sunlight; in darkness the action is /o7, although there 
is absorption of the gas, and in winter the action is V(*ry attenuated. 
According to the experiments, an atmosph(‘r(‘ containing a proportion of 
THoVoo- of its volume of sulphurous acid kills iir-in‘(*s (.sy//;/7/.v) in about 
four weeks if they are in contact witli this air in full daylight-, ]>ut these 
same firs do not appear to suffer if the exp(*rim<*ni lx* repmitixl in dark- 
ness, even if the atinospli(?rc contain sulfiburous acid. Jt is 

thus evident that sulphurous acid is only couv(‘rt(‘(l int-o sulphuric 
acid under the action of light, and it is the latter acid vvlu'ch is injurious 
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to plants Agreeing with Von Heine, Wislicenns concludes tLat 
sulphuric acid destroys the chlorophyll of the plant, and that it thus 
acts in a manner unfavourable to assimilation. Sulphuric acid dries 
the cell-walls and renders them impermeable. Only the tissues in 
contact with the fibro-vascular bundles remain fresh and green, whilst 
the others wither, brown, or bleach. In that lies the characteristic 
symptom of these poisonings. According to Von Heine, the trans- 
piration of the poisoned leaves, the cell-walls of which have become 
impermeable, is less than that of healthy leaves. As the activity of 
transpiration expresses the production of matter, the leaf assimilates 
less, the plant remains stationary, and finally dies. The greater the 
amount of sulphurous acid absorbed, the more intense the sun, the 
greater the heat, and the drier the air, the more quickly are these 
symptoms produced. All leaves, however, do not absorb the same 
amount of sulphurous acid m the same atmosphere. With equal 
leaf-surface, those of conifers absorb much less of this gas than those 
of deciduous trees and herbaceous plants. It was believed that the 
gas being absorbed by the stomata of the leaf, the quantity retained 
would be projiortional to their number, but experience has shown that 
it IS not so, for leav(‘s absorb this gas quite as well by their upper 
surface. Tlie herbaceous plants are ranked, according to their sensi- 
tiveness to sulphurous acid, between the conifers and the deciduous 
trees. The leaves of the PapihouacecD (pea tribe), potatoes, cereals, 
and meadow grass, commence to fade and to brown at their extremities 
after exposure of two hours in air containing sulphurous acid ; 

in an atmosphere containing only of this gas desiccation does 
not occur until after fifteen to twenty hours. For leaves of deciduous 
trees to perish the air must contain fr>o~<jTr ‘iioiuo sulphurous acid 
Conifers in general, and especially firs, do not support air containing 
more than ^ to „ of this gas, especially in the neighbourhood of 
factories. This small quantity of sulphurous acid necessary to cause 
a pathological condition of the plant is the reason why each factory 
chimney must be regarded as a perpetual hot-bed of infection. The 
smoko from the combustion of coal contains on an average 0 01 to 0*02 
of sulphurous acid gas. The danger is obviated if the smoke is sent 
into the air by chimneys measuring 20 metres, say 65 feet, in height 
The following, for example, shows the deterioration undergone by a 
field of oats situated near a coke factory One thousand seeds of normal 
oats ought to weigh, on an average, 25 — 29 grammes, 1000 grains 
in the sickly fi(dd only weighed 14*76 grammes Both the grain and 
the straw in this field were analysed, and in both instances a large 
amount of sulphuric acid was found. Such damage to crops is parti- 
cularly intensified around chemical factories, chiefly sulphuric acid 
factories, where pyrites is roasted, and zinc factories, in which blende, 
zinc sulphide, is calcined. The deadly action of the sulphurous acid 
sent into the air by these factories manifests itself at groat distances. 
Forests 5 kilometres, say 3^ miles, away still suffer from their proximity. 
A zinc works calcining 50 tons of blende disengages 37,000 hectolitres 
(814,000 gallons) of sulphurous acul. It will be seen that this amount 
of toxic gas, if not utilized, may carry devastation to great distances. 
Many observations have been made on this point, and it is found that 
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near (sucli) factories the leaves of the fir ( ? 8priie(‘) fall, those of th(‘ pme 
and larch, more resistant, only brown at tin* point, and tin* trunk 
blackens, conifers, in general, do not r(*SLst long. Deeiduoiis trees, 
fruit trees, among others, lose their Ieav(*s and do not- jiroduee fruit’ 
because the sulphurous acid sterilizes their flowers, Th(‘ eornfields are 
sickly, patchy, the brown-coloured ears (*ontam no gram llarieots 
and cabbages are spotted white and sidlVr rnueli. Tin* d(‘{id leaves of 
the potato shrivel and blacken Th(‘ meadows remain sicldy and turn 
brown. These sickly plants all contained an abnormal dos(‘ of snlj)hunc 
acid. It is important to insist on tlnsse farts, so as to sliow the 
injurious action of sulphurous acid on jilants. Knov\mg this tart it is 
an easier task to contradict the opinion geiu^rally li<‘Id that sulphur a(‘t8 
on fungi by its conversion into sulphurous and. I f it vvrrr so our vine- 
yards, instead of becoming more vigorous by sul))hiiring, would p(‘rish, 
since an infinitesimal quantity of aci<l sulIi(M‘s to roast }>lants, and 
fructification, instead of being stimulated us is thr ras<‘, would be 
diminished. 

Action on Fungi — It follows from observations ma<l<‘ on plants that 
those which contain chlorophyll an* more s(‘nsitiv<‘ to th<* artion of 
sulphurous acid than those deprived of it. Sulphurous iwdd ramiot 
therefore he used to d(‘Stroy fungi. 

Action on Insects.- -To siiflci ins(»rts the air must lx* saturated with 
SO 2 Great care must then^fore b(* taken m using t his gas so as to avoid 
its deadly action on plants. The great (leli(*a(‘y of t Ik* op(‘ration rend(*rs 
it less and less popular, hence the clo(*hag(‘ of 11k* vine still in us(* in 
certain districts is gradually being replaced hy s< aiding. The jdiyl- 
loxera does not persist for twenty-four hours in an atmosi)here of this 
gas of 1 m 60 or 1 in 100, Mouilleferi. test(*d it in the scnl against 
phylloxera but without result Moisture and flie nature of the soil 
destroy its toxic properties 

Use in Diseases Treated by SOg in the Open Air. Hum Diminv, - 
Swingle and Webber who examined tin* action of diflVn'ut elumueals 
on this disease recommend to ciir(* it, to clean ihe w’ounds ami coat- 1 hem 
with an 18 per cent, solution of SOg. 

Anihonomus Pyn,'^ Boh , Authouomfm ‘pomorum^ These formidable 
destroyers may bo removed in May by HOg fumigations (Poujuik*!). 
A dish of burning sulphur is moved about uiuler the hranch(*s, or rags 
dipped in molten sulphur and then lit. Tin* tre(*s slmuld not lie fumi- 
gated with SOg when in blossom, as tin* flowK‘rs would la* st(*rilize(l 
even if the contact was short and the acid in very small rjiiantity. 

^ Antiiomome oe the AcrLE-TiucE. Apple hhmom wueiU AtUhmowin 
poaiorim,— Length, 4 nulhmotres; colour, hlaekmli. brown, uith nliorf. compact 
hairs formmpf a down, rostrum arched 'J’ho adult ujH(*cf h\ en vvhoh* y<*ar at 
the expense ol the apple leaves Jn the spring the femnh* picrccH a hole ia tho 
floral envelopes and deposits an egg m each flower hini until iinisiied, laying thirty 
eggs at least After an incubation of live to right dnys thr Iiirui is halcdied and 
attaches itself forthwith to the stamens and pistils of f.lu* flovu*r, limn d(*stroying 
the essential organs of the latter 'J’ho French gard(*nrrtf riill the i/rovviicd buds 
cloves Antiionome of the OjiEiinir-'rKEK, Aulhommm dtuinirnm. Brown 
weevil of 5 millimetres which lays its eggs m the flower fnids of <'h(Try-trees. 
Anthon'ome of TiiE Peak-Tkeb. Anlhoitomufi J*t(rL “\\'rc*vil very similar to 
anthonome of the apple-tree, but it lays its eggs in the* floral Imds of the pear-tree 
before and not dunng winter. Its laiva is what garrl(*ners eall the mnUr^wvm. 
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Such fumigations also asphyxiate the grubs injurious to fruit trees, 
who know how to shelter themselves from spraying m the common 
nests which they spin. The most injurious are Hyjponomeuta Malinella,'^ 
Zell (small ermine moth) and Limans chrysonhcea (brown tail moth). 
The grubs of these butterflies are only sensitive to fumes of SO2 Dufour 
proved by trial that liquid SOg does not act on the grubs, and that even 
a 20 per cent, solution does not kill those of the cochyhs. 

Phylloxera vastatnx (vine phylloxera) — The phylloxera dies if ex- 
posed for twenty-four hours in an atmosphere containing 1 per cent, of 
SO2 Hence it was thought the injection of SOg m the soil would destroy 
this injurious insect. A. Vigie recommended injections into the soil of a 
mixture of sulphur and sulphur fumes from the beginning of the phylloxera 
invasion. Henneguy remarked that when this treatment was applied 
in summer the spread of the disease was circumscribed, and although 
this process may be insufficient to free the vine entirely from its para- 
site, it destroys it to such an extent as even to allow the vine to thrive. 
Mouillefert examined the effect of SO2 both as gas and in solution, as 
well as its different salts. He found that sulphites are quite powerless 
against the phylloxera. As to gaseous SOg it has no action on insects 
near the surface of the soil because this gas, with a great affinity for water, 
can never penetrate deep enough into the soil. 

Mus Ratus, L (Rat) — M A. ter Mer advises the use of SOg 
to kill rats Rags are dipped in molten sulphur and petroleum, these 
are inserted into the burrows and lit. It requires about J lb. of sulphur 
per burrow. Taschenberg dissents ; he found that this method failed, 
even if the gas is driven far into the burrows by means of special bellows. 

Use of SO2 in Closed Spaces. — The action of SOg is deadly to insects 
when the air is saturated with it. It is used especially in granaries 
against the Coleoptera and Lepidoptera injurious to the stored grain. 
It has also been used on small trees which can be covered with a tent 
or a cloche The last method is used especially to combat the cochyhs 
of the vine. 

Mycogone jpermciosa ^ (mole disease of the mushroom bed), Psalliota 
cani'pestns, L — Constantin and Dufour found that the spores of the 
Mycogone are killed by prolonged contact with SOg. Mushrooms are 
in no way injured in an atmosphere containing this gas, even if the 
fumigation lasts twenty-four hours 

preservation of stored hops is not always an easy 
matter. Disinfection with SO2 does not always give the result ex- 
pected. Behrens found that if SOg be incapable of killing the germs 
of the parasite which infest hops, it has a good effect on their quality, 
which it alters for the better. But it is chiefly against the invasion 
of Coleoptera into granaries and on the vine that SO2 does good work. 
Amongst these insects are : — 

Gahndra granaria (or wheat- weevil) —As a curative method 

1 Hyponomeuta Malinella (small ermine moth), Hypoxomeute op tub 
Apple-Tuee (tmoa of the apple-tree) — Small imago the upper wings of which are 
white and covered with black spots 

^ Mycogone pernictosa (mole disease of the mushroom).“-Mushrooms attacked 
by the mole grow in an irregular manner, swell, puff up, and become deformed to 
such a pitch as to be nothing but an irregular-shaped mass. This mass is covered 
m places by wlnto spots and easily rots. 
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fumigation with SO2 is used. The doors and windows of the granary 
are closed; sulphur is then ignited in a vessel ])lae<‘d on a support 
above a sheet of iron; 1500 grammes (3*3 Jh.) of sulj>luir with 100 
grammes (*22 lb ) of saltpetre, suffice to disinf(‘(*t a s[)a<*(‘ of 50 cubic 
metres. The granary is left closed for twtuity-four hours, tlum it is 
cleansed with a 2 per cent solution of corrosiv(‘ sul>Innaf<‘ TIi(‘ same 
process is used to destroy M%ctolefido 2 >i(^Mi the grubs of vvhicdi ravage 
grain and flour granaries 

Sitotraga cereallela (grain mite) —So tlnat iho mtiy ]>(‘n(3trate 
well into the heap of wheat and kill all the grubs, Saint I j b(‘ry burns 
the sulphur in chafing dishes around which tin* gram is ]>ih‘fl in heaps. 
To destroy butterflies the process used against ih(» (Uilnnder gives good 
results. It suffices to place 1 inch to 1.^ inch of sulfihurefl wick on 
slates laid on the heap of wheat, and to set fire to t hti wi(‘k. By analogy 
it was thought possible to destroy by the same gas th(‘ grubs wliicdi live 
in flour. 

Asofia farinalis (flour mite). — The procCvSS reconun(*nd<‘d by J)(‘bray 
consists in burning m closed vessels 60 grannn(‘s of sulfibur p(‘r cubic 
metre of flour; the method was regarded as obnoxious, the dour being 
rendered unfit for bread-making; Balland found this tiour, whilst 
presenting no visible alteration, is a])pr(‘eiabJy alt-<‘r(‘d in eontacd, with 
sulphurous acid. The gluten has lost th(‘ valuable* propeulies r(*<(uired 
in baking. It is recogni^sed, an tact, that glutmi gains in value* by 
contact with alum, common salt, or blue vitrol, Imt that. it. eaimot 
stand the action of sulphurous acid, »S02, nor snlphiiiie*. acid, nor 
sulphuretted hydrogen, 8H2. To destroy tlie^ 1ini*4i e»f grain, must 
not be used, but insecticides like CS2. 

Tortnx or Pyralis vdana (pyrahs of the* vine*). The* gratis hiber- 
nating in the fissures of the bark of the vines ean tie* kille‘d by BO2. 
The process employed in the South of France* is known by flu* name 
of clcchage, or sulphuring of the vine. Afte*r jiruning tin* vine, each 
stock is covered by a zinc cloche, or half a pe*trole*uni tiarre*!, uiie|e*r which 
20—25 grammes of sulphur (say | oz.) are* liurnt in a sauce‘r. The 
SOg formed soon saturates the air under the cleiehe*, and stifle*s the 
grubs sheltered in the interstices of the bark. The <ij){‘niti<in stiould 
not last longer than five to ten minutes, a more proloiig{*d a(‘t ion Imving 
a deadly efect on the vine. A workman }>rovith*<l witli tw(*niv (‘loclics 
can sulphur 1000 stocks per day. It is a v(*ry dcli<*at(^ oj)(*ration, 
which may well be replaced by scalding, but its use i.s still wi(l(‘Hi>rea(l. 
So that it may succeed, it must not be done- when the soil is noist, 
for the SO2, instead of saturating the air, wouhl he absorbed by the 
humidity in the soil. Clochago kills, at the same time as the pyralis, 
the vine coccis and the red spicier. Keh found that nil coe(*id(*s sliielded 
Homoptera, such as Asfidiotva, and 

coccides, which resist all insecticide spraying, may bcj d(*stroyc*d by BOj 
fumes. The fruit trees are covered witJi a tent, and sulphur burnt 
therein, observing the same precautions as in the*. c*lochag<» of th<j vine. 

Sulphuric Acid, H2SO4. — Sulphuric a(*id is obtained liy passing a 
mixture of oxygen and sulphurous acid over spongy platinum or platin- 
ized abestos, heated to between 250° C. and 500" 0. (-182 932'^ R). 
The vapours of SO3 disengaged arc led into a receiver Burrmmded by 
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a freezing mixture, wliere they condense. The process of manufacture 
usually adopted is to oxidise sulphurous acid by nitric acid vapours and 
to hydrate the vapours in lead chambers. The necessary SO3 is obtained 
by “ burning ” iron pyrites in presence of an excess of air. 

Properties. — The commerical acid of 66° B ( 168 ° Tw.) is a colourless, 
odorous, viscous, oily liquid of sp. gr 1 * 84 . When water is mixed with 
the acid so much heat is developed that it may become dangerous if the 
water is added to the acid. Care must therefore be taken in diluting 
the acid with water to run the acid gently into the right amount of water 
with constant stirring. H2SO4 has a great affinity for water, and rapidly 
carbonizes organic matter 

Action of Sulphuric Acid on Plants.-— This acid exerts a corrosive 
action on the organs of the plants touched by it. A very small dose of 
this acid (even dilute) destroys the chlorophyll and degenerates the 
cell-walls, thus giving rise to a profound disturbance in the life of the 
plant. 

Transpiration is less abundant, and that of itself diminishes or even 
abolishes completely the production of synthetic organic matter, the 
leaves brown, wither, fall, and the growth of the plant is visibly arrested. 
If the action of this acid on a plant be prolonged it soon dies, for the acid 
penetrates rapidly into the interior of the trunk, and the circulation of 
the sap is stopped. The same result occurs when a plant is in contact not 
only with the dilute acid but also with sublimed sulphur, which contains 
H2SO3, and under the influence of sunlight is converted into H2SO4 in 
the leaf itself. 

Action of Sulphuric Acid on Fungi. — Plants not containing chloro- 
phyll suffer much less than green plants in contact with H2SO4. How- 
ever, owing to its hygroscopic nature, H2SO4 diluted to 0*5 per cent, 
exerts a corrosiv<i action on fungi Laboratory trials made by dipping 
the spores into a drop of H2SO4 diluted to 0*5 per cent, show that such 
dilute acid destroys in most instances the vitality of the spores, provided 
that its action bo sufficiently prolonged. In practice the 0*5 per cent, 
acid is quite inadequate to destroy the spores and mycelium of fungi, and 
stronger, sometimes even the 1 68 ° Tw. acid must be used. It will be 
easily seen that at that degree of concentration H2SO4 cannot be put 
in contact with the leaves of plants, and that it should be limited to 
applications on the trunk, or to disinfect certain seeds; in a wood it 
can only be used when there is no active plant growth. Under such 
conditions, plants do not appear to sufier from sulphuric acid treatment. 
Wheir H2SO4 is used in combination with anti-cryptogamic metallic 
salts, its corrosive properties become valuable, because in attacking 
the protective membrane of the parasites it enables the poison to reach 
and destroy them more readily. In combination with green vitriol in 
the winter treatment of anthracnose of the vine, sulphuric acid is in 
current use, and of great service. 

Use against Parasitic Fungi. — Sulphuric acid has been recommended 
for some years to wash seeds to free them from the spores of different 
fungi which might be brought on to cultivated land. Noel found 
that steeping in th(3 0*5 per cent acid sufficed to free seed-corn from 
anthracogenous parasites. He stirred up a hectolitre (2|- bushels) in 
22 gallons of 0*5 per cent, acid, and sowed immediately afterwards. 
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This method has since been tested by specialists of liifrli reputation and 
found deficient. Kuhn has shown that not only was thi‘ O-ri per cent 
acid an anodyne for the spores, but hail tli<> drawhaek of beiiifr more 
iniurious than sulphate of copper The injurious action of t lie acid on 
cereal grains does not make itself felt for some iiuie Such seed-corn 
always retaimng a little sulphuric acid cannot dry up conijilefely and 
rot. This drawback may be avoided if care lie takmi to wash the seed 
in ^dk of hme immediately after steeping in the acid In fact, Boiret 
found that the spores of bunt were not coinjihdely destroyed after a 
twenty-four hours’ steep in a 6 jier cent ami, and that, a 2() per cimt. 
acid destroys the grains of wheat without killing the germs of the 
disease, even if steeped six hours therein All cereal grains arc tlius 
sensitive to the action of HgSO^ , however, amongst tlii‘ diflm-mit. sjiecics 
of wheat there are some which stand the acid bet, ter t haii others. 

Table XI —Mffea of Sleepitig Seed Wheal fot Jliffmiit Lriiylfm of Time in iJilnle 
SulpMmc Acid on Oenmmiirc (Japand/ pa ant. 


Sulphuric acid. 

Duration 

(JoUh*n drop. 

1 per cent 

24 


2 „ 

12 

40 

2 

8 

* 

5 „ 

2 

no 

5 „ . . 

1 


Steeped in water . 


1 


It follows that this acid does not possess th(‘ re(juihite [^ropcrtic'S to 
replace blue vitrol in the pickling of scmmI coni. Tiic only .s<'<^<ls ihat 
can stand steeping in the acid are bc<‘t-sc<*<lK, whicii arc surrouiulcd 
by a protecting sheath which enables them to stand in acid 

of 66° Be. (168° Tw.) without their gerniinative cajuwity being diniiu- 
ished. This protecting sheath acts as a s}ielt(‘r t<» tin* g<‘rmH of fungi 
and bacteria of the most diverse nature, sticli as Phomn (ahijirtr. Prill, 
et Delacr. ; Fythium de Baryawum^ Hess(>; liar Ulus ntynudrs^ lianllm 
hutyncuSi Proteus vulgaris As soon as the radicle and cotyl(»dons 
of the beet appear these fungi invade them, disturl) the normal evolu- 
tion and induce rot. Hiltncr found that tlu* JiO Be. Hei<i will 
destroy the germs of all these parasites, fdnhart rt«(‘orn mends 66'* Be. 
(168° Tw.) acid in which the seed is steeped half an hour, tlnm washed 
ten minutes with a jet of water, then the scmhIh an* (Hpf)(*<l into milk of 
lime, and all that now remains to be done is to wash t he seed for four 
hours in running water. The seeds so treate<l are in no wis<* injnr(*<l. 
Their germinative capacity is increased; tln^y spring up more rajddly 
and in larger quantity, and the disease germs are, (‘omplctcly <l(*stroyea. 
For reference purposes a description is liere giv<*n of tin* researches 
published on the resistance of spores of different fungi to dilute 112 ^ 04 . 
These laboratory trials wore made by incorporating tlu‘ sfiores of rust 
and of canes with a drop of dilute suljihuric acid, winch aft(‘r being 
a certain time in the acid were sown or examiii(*(l by the mieroscope. 
Kuhn examined the action of sulphuric acid on the spon‘s of tin* caries 
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of wli( 3 at, and he found that acid of the same strength is not capable 
of killing in the same tune the difterent spores of canes A 5 per cent, 
acid acted thus * — 

Table XII — Showing the Action of Dilute Sulphuiic Acid of 0 5 per cent Strength 
on the Spates of Oats and Wheat 


Duiation 
of action. 

Oats 

Wheat, 

1 hour 

Numerous living spores . 

Numeious living spores 

() hours 

Living spores less numerous 

>1 >> 

8 „ 

Very Tew living spores . 

}> >> 

10 „ 

All spores killefl . 

it 9J 


Wuthrich examined the action of different acids, compared with 
that of metallic salts, on the spores of — 

Uftlblago Carlo, Tul. (smut of gram crops). — In a 0 49 per cent, 
sulphuric acid all spores arc killed after fifteen hours’ action at 20 — 
22° C. An acid of 0-049 greatly prevents the formation of zoospores, 
whilst acid of 0*049 per cent, has no longer any injurious action on the 
spores themselves. Herzborg examined the different rusts, and sub- 
mitted their spores to the action of sulphuric acid of various strengths. 
The spores of Usiilmjo Jememi, Eost , the smut of barley, wore found 
to be the most r(*sistant. To kill those spores they must be stepped 
fifteen hours m 3 ]jer cent, acid, whilst those of the other Ustilagince 
arc killed in much weaker acid. Moreover, the dilute acid has not the 
same action on the vspores of the same species but of different ages , the 
mortal dose is given in the following table * — 

Tvbi.r XIJI. — Showing the Strength per cent, of Sulplmric Acid required to Kill 
lliP Spores by Smut of Barley, Oats, and Wheal of Different Ages. 


Speoie.s 

Strength of sulphuric acid 

Per cent. 

Old spores 

Young spores. 

Ustilago flensenii, Host 

1—1 5 

2—4 

„ Avena*, Rost 

()-5— 0 75 

0 5 —0 75 

„ perennans, Host. 

0-1— 0*25 

0 25—0 5 

„ hordei, Bref. 

()*5— 0 75 

0 5 —0 75 

„ tritiei, 

0-5—0 75 

0-25—0 5 

C ircumam burnt temp(*rature 

15—18'=' C. 

23° C. 


P'ticcinia graminin (black stem rust, summer wheat mildew) ; 
Pitccinia Riihtgo-vera, DO. (orange leaf rust, spring rust of corn) , Puc- 
cmia coroyiata, Corda (the crown rust of oats) — ^Wuthrich naade a com- 
parative examination of these three rusts, by submitting in turn their 
uredospores and their a‘Cidiospores to the action of the more or less 
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dilute acid The time of steeping was fift(*eii hours, and th(> i.iMnpc^ratiirc 
20— 2r C. (68—69-8'' F,) TJio urcdosf)or(‘s n^sisfcil an a,(*id ten 
times stronger than the aocidiospores , acid of ()*0()J0 |)<*r cent does 
not act on uredosporcs of 0-049 per cent , its action Ix^gins i.o make 
itself felt, but it is not until 4-9 per cent, acid is iis<‘d tliat all vitality js 
removed from the spores. The aecidiosporos are (toinjiletidy destroyed, 
and in the same conditions, by acid of 0-19 j)(‘r cent, sinmgth. The 
uredospores of the rust of cereals would appear to })(‘ t}i(‘ s])or<'s most 
resistant to the action of sulphuric acid, as they ]ike\vi«(‘ an* to anti- 
cryptogainic salts Hitchcock and Carleton havi*, lio\V(*vf*r, j)r(*vented 
the uredospores from germinating, by steeping th<*m for sevciit(*(*n to 
nineteen hours in 0*1 per cent acid. 

Olamceps ^urjpurea, Tul. (ergot of rye). — Tin* action of the acid 
on this disease was examined by Wutlirich, wlio found tliat 0-049 
per cent, acid attentuated the germination of tin* conidia, but it r(*(|iun*cl 
steeping for fifteen hours at 20 — 21° C (68—69 F.) in an lU'id of 0*49 

per cent, to stop this germination completely. W uthnch, wlio examined 
the action of the acid on the spores of Fhytophthoia and of PrroHospora, 
found these latter much more sensitive than thos(* of tin* black and 
red rust of cereals. 

Fhytophthora infestans,^ deBy. (potato diseasi*). - Arid of 0-049 per 
cent, perceptibly diminishes the capacity of tin* conidia to form ;^oospores. 
It may be entirely arrested by destroying the conidia, by using 0-049 
per cent acid for fifteen hours at 19 — 20° (66-2- GiS" F.). 

Peronospora viticola, de By. (vine mildew). — Th(* conidia and the 
zoospores of this parasite behave like thos<‘. of tlie Phyto phi horn ; acid 
of 0-049 per cent, completely annihilates tlu*ni in fifte(*n hours at 20^^ 0. 
(68° F) In 0 0049 per cent acid the fornuition of zoo.s[><^r(‘H may 
be restricted, and even suppressed, without th(* conidia being killed. 
The latter then germinate and produce dir(*(*tly a gcnninativc tnlic. 
The deleterious action of sulphuric acid on tin* g<*rm.s of inild(*w has 
caused it to be used for the winter treatment of vine stocks. Bouchard 
got good results by treating the vines in the spring after j)runing with 
a 10 per cent acid. During three years thi* vines re<*eived no oilier 
treatment than the above, and the disease did not reuppcuir. Acidu- 
lated solutions of green vitriol used cverywhen* aguin.st anthnu*nosis 
cause no injury to the stocks. 

GJoeosponum ampelophagum, Sacc. (grajx* rot). To (‘omhui^ this 
disease the utility of the acid was found (*mpiricaily. Jt Is not, it 
must be understood, a question of treating this (list‘as(* during the 
growing period, for sulphuric acid, or even the a<*i(I mixfunss, would 
have a deplorable action on the stocks. Tin* acid is used (*xcluHiv(dy 
in winter to cauterize the spots hollowed out of t he young wood, sorts of 
canker produced by the anthracnose containing spores wliifdi sfiould 
be considered as hot-beds of infection. The r(*me<iy most g<*n(*rally 
used IS a 50 per cent, green vitriol solution, but to int<*nsify its action 

^ Potato Disease. Phytophlhora infeakins-'-'Vhii funguH whK'li in the cause of 
this disease attacks the leaves, the stems, and th<* tiih(*rH of the jiotato. I’ho 
disease appears first on the leaves and the stems where it sliow's as hrown spots 
which end by entirely covering them. In wet weather it Hjireiuls riipi<ily and 
may then destroy the plant 
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it IS associated with sulphuric acid in the proportion of 1 to 2 per cent. 
Fifty kilogrammes, say I cwt , of green vitriol are taken, and 1 litre, say 
4 lb., of sulphuric acid are poured on to it and the whole dissolved in 
100 litres (22 gallons) of hot water. However, many vine-growers limit 
themselves to sulphuric acid and regard it as sufficient to circumscribe 
the disease It is certain that it kills not only the spores of this disease 
hut also those of the oidium It is important to operate before budding- 
time, so as not to injure the growth. It is necessary to imbibe the 
stems, the runners, and all the wood, and even the eyes. The latter, 
owing to this treatment, blossom, it is true, some days later than 
non-treated vines, but this in many cases is an advantage. The coat 
may be applied with a brush or with a woollen rag. 

BjpTicerella JragancB, Sacc. (strawberry leaf blight) — Galloway 
recommends the following energetic treatment to destroy this disease : 
Spray the strawberries after gathering the crop with 2 per cent, acid, 
which kills both the old leaves and the spores of the parasite. The new 
leaves which spring up are perfectly healthy. Tyron found this treat- 
ment to give as good results as Bordeaux bouillie or alkaline sulphides 

Cuscuta'^ (Dodder). — ^Wagenblicher found that 0*5 per cent acid 
killed dodder, but when used on fields of trefoil and lucerne against 
Cuscuta Ejpithymim the burning of the plant injured the crop. As a 
weed-killer on walks sulphuric acid is defective. The effect is immediate 
but the weeds soon sprung up as vigorously as ever. Finally, sulphuric 
acid has been prescribed against potato scab. Wilfarth, acting on the 
principle that ashes and lime induce this disease, tried to produce a 
contrary effect by spreading sulphuric acid on the fields. He therefore 
spread sulfarine, a mixture composed of magnesium sulphate and of 
15 per cent, sulphuric acid. The results were decisive, as shown in the 
following table , — 


Table XJV. — Bhowi-ng the Action of Different Doses of Sulfarine (kiesenle) con- 
taming 15 cent of Sulphunc Acid on the Potato Disease, 


Dose. 

Crop 

Per cent disea.sed 

Blank 

70 potatoes of which 

80 diseased 

2 kg of sulfarine per m," 

77 

hO „ 

7 

70J 

40 „ 

10 


25 „ 

14 

73 

20 „ 

18 » „ { 

fis 

10 „ 

30 

505 .. 

5 „ 


The disease is, in fact, considerably diminished by this treatment, 
but the dose of 14 kilogrammes of sulfarine per square metre must 
not be exceeded, for there would be the risk of too small a crop which 
would be as great an evil. 

^ Cuscuta Epxteymum (dodder of trefoil and lucerne) — These plants, which 
are dejirived of roots and oi chlorophyll, are essentially parasites of other plants 
from which they draw nourishment by numerous suckers. 
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Use of Sulphuric Acid against Insects and Worms. Tylendm 
fBastian] (eel-worm of wheal) —This is a inicn)sc()])ic worm 
which causes the blight known m France as Nielle do Froiiu-nt land m 
Great Britain as “ Ear Cockles,” “ Purples,” ” False Ergot,” “ Galls 
of Wheat Eel-worms ”]. Davamc reconimeiidetl steeping the affected 
grain in 0 5 per cent, sulphuric acid for twenty-four iioiirs, hut this 
method has the drawback of injuring the gram. 

ToHnx vitam (pyrahs of the vuie). — The wint(>r tnoitnient against 
anthracnose of the vine by sulphuric acid, not only destroys the sjiores 
of the most formidable cryptogainic parasites, but according to Debray 
it also destroys the grubs of this butterfly wliieh [inss tlie winter in the 
interstices of the bark. According to the .saini'_ ohseryiT the vine 
cochineal Dadylopius mhs, which passes the winter fi.xed against 
the wood, may be destroyed by spraying with 10 per cent. a<-id after 
the fall of the leaf The acid employed under Iiki' coiidit ions to destroy 
the Schzoneura lanigera, Haus, did not give the result. e,v[)ect.e(l. To 
hll wasps it suffices to pour 10—20 per cent acid into the iiisst. 

Chlorine, CI 2 — Chlorine is an clement widely distributed in nature 
in combination with certain metals — sodium, po1,a.ssiiiiii, tnagnesium. 

Preparation. — By the action of aqiu'oiis liydroehlorie aeid on 
manganese ffioxide, or hy the electrolysis of sodium chloride in solution. 

Use.— This gas, of some use to kill fungi, is so powoiious to jilants 
that its use is limited to saprophytic fiiiigi, such as — 

Mmilius lacrymans,^ Schni. (dry rot of wood).--.\s a remedy 
chlorine is the subject of a German patent, D.R.-P. 7(1877, aeeording 
to which good results are obtained hy piereing boards with hol(>.s into 
which chlorine is introduced; these lioli's aiv then s(o[){»ed up 
hermetically 

Hydrochloric Acid, IICl — Preparation. --The, industrial prepuriition 
of this acid is subsidiary to the mamifaetiire of siili»liiife of soda, 
intended for the production of soda ash. It is jirodiieed hy decomposing 
common salt by sulphuric aeid. 

2NaCl H- HuS 04 =- Na^KO^ -|- 2H('l 

Sodium Sulphuric Sorfium ll.vdio- 
chlonde. acid. Hulphuff‘. (diloru* 

acid. 

The salt is introduced into capacious cast-iron <*ylin<l<‘rs, lutiul with 
clay, and then sulphuric acid is run on to it. Th<* Jiydro<‘hI<)ri(t acid 
which escapes is dissolved in earthen carboys contaioio^ \vat<*r. (V)m- 
mercial HCl marks 22° by Baume’s hydro 

Use. — The searching examinations which liavc ])C(*n made into the 
action of this acid on fungi have shown that, its us(^ is not. advisable, 
because its action on plants is deadly. Bollcy, in IHtM, tru»<l to use 

1 Tylenchus TJiiTXCA (“ear cockles,” “ purplos,” fulso of 

wheat, eel- worms of wheat) — The eel- worm of wheat is a very small liliform 
worm with a smooth te^jiiment wduch twists its body lik<* nil (‘ol, lienee the name 
given to it; length 3 millimetres ^J''he ears aUa<tked m plaee of ordinary gram 
have small, rounded, blackish grains like smutty grains 

2 Mertjlius LACR.YMANS (dry rot) — ^This fungus, allied to th<* Polypora, is 
the most dreadful destroyer of building timber. It ehiefly atOw’ks resinous woods 
and jiroduces the diy rot of pine timber and pitch-pinc. 
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the anticryptogamic properties of hydrochloric acid against potato 
scab. The germs of this disease are killed, it is true, by steeping 
from five to twenty-four hours in a 2 per cent, solution of this acid, but 
the eyes of the potato suffer so badly that this method cannot be 
advantageously used Wuthrich, in a research published in 1892 on 
the action of metallic salts and acids on the spores of different fungi, 
proved that the amount of this acid required to prevent the germination 
of spores compared with that of sulphuric acid used is proportional 
to their chemical equivalents. Thus a solution of 0*0036 of HCl has 
the same anticryptogamic effect as a solution of 0*0049 per cent, of 
H 2 SO 4 . A solution of HCl of 0*0036 per cent of sulphuric acid pre- 
vents germination of the conidia and zoospores of Phyto'phtJiOTa infestans, 
de By. , the conidia and the zoospores of Peronospora mticola, de By. ; 
the spores of Ustilago carlo, Tul. But to prevent the germination of 
the uredospores of Puccima g^amims, Pers , acid of 0*036 per cent is 
required. Hydrochloric acid can replace sulphuric acid wherever the 
latter has given good results, if the plant be not unfortunately as 
sensitive as the spores of fungi 

Action of Chlorine and Hydrochloric Acid on Plants. — Hydrochloric 
acid and hleaching-powder factories discharge chlorine and hydrochloric 
acid vapours into. the air. The injurious eSect of this gas makes itself 
felt sometimes two miles from the factory, a radius within which it 
kills plants This gas is even more poisonous than sulphurous acid 
itself, deciduous trees suffer as well as evergreens. The pathological 
condition of the plant attacked is distinguished by the brown border 
which forms on the leaves; then they are covered with brown spots. 
The needles of spruce fir trees become yellow at the point, dry up, and 
drop ofi. The analysis of the dry substance of the diseased plant 
twenty-five minutes distant from these factories, according to Konig, 
Steffeck, and Heme, gave the following results . — 


Table XV. — Showing the Effect on the Gliloiine Content of Forest Tiniber of 
Pioximily to a Hydrochloric Acid Woilcs, 


Tree. 

Condition. 

Per cent, 
chlorine. 

Increase in 
chlorine 
per cent 

Oak .... 

Healthy 

0 081 



iSickly 

0191 

135*8 

Beech 

Healthy 

0211 



Sickly 

0 311 

71 14 

Larch 

Healthy 

0 279 



Sickly 

0 767 

174 91 

Spruce 

Healthy 

0101 



Sickly 

0132 

30 69 

Hazel 

Healthy 

1 0*178 



Sickly 

, 0 516 

189*88 


These analyses show that the disease is produced by the absorption of 
chlorine and hydrochloric acid. 

7 
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Nitric Acid.— Preparation. — The commercial and ih prepared by 
introducing into a cast-iron pan 330 kilogram in os (720 lb ) of nitrate 
of soda and 420 kilogrammes (964 lb ) of sulphuric and of 02° Baiirne; 
the lid IS luted with clay and heated. The nitric acid vapours disengage 
through an earthen pipe, condense in big carboys, also of earthenware 
placed one after the other, and each containing a little water. There 
are thus obtained 440 kilogrammes (968 lb.) of nitric acid of 36° Baume 
Nitric acid is also now obtained in connection with processes for the 
fixation of atmospheric nitrogen. 

Properties. — Nitric acid is a colourless liquid, sometimes yedlow 
from the presence of nitrous acid. Its density is 1-52, its boiling- 
point is 86° C. It IS very corrosive; in contact with organic matters 
it first produces nitrated compounds, then an oxidation winch proceeds 
so far as destruction. It is quite as dangerous as sulphuric acid, and 
should be handled with many precautions. 

Action of Nitric Acid on Plants. — The following are the results 
of the examination of nitric acids on plants : 0*05 gramme of this 
acid in a cubic metre of air produces poisonous cih*ctH on plants 
analogous to those produced by sulphurous acid , sjiots and lirown 
borders on the leaves ; yellow points on the needles of the conifers. 
The normal dose of nitric acid in the air is 0*00003 per culnc metre; 
it therefore requires a dose almost 2000 times stronge^r to produce 
pathological symptoms in the plant such as occur in the neighbourhood 
of factories which allow the vapour of these acids to eHcap(s 

Use. — Nitric acid is not only corrosive but ]>oisonous to insects. 
This latter property is manifested, more es])ccially, in organic compounds 
containing one or more nitro groups. Nitric acud, lik<j sulj)}iuric acid, 
has been recommended especially to combat in.s(*cis in winter. Its 
action on fungi is especially injurious. J-Iit{‘hco(‘k and Carleton found 
that the uredospores of Puccinia coronata, Conhi (crown rust of oats) 
are killed in twenty-four to twenty-six hours in nitric acid of 0*68 per 
cent., but an acid of 0 068 per cent, has no action <m sjiores. 

The spores of Phytophthora and Peronospom, according to pr(»sent 
knowledge, are destroyed by an acid of about 0*05 per cent. Nitric 
acid is not used to combat fungoid parasites exciq^t black rot, although 
it has been tried against several other cryjitogams. 

Guignardia Bidwelh, Viala et Ravax; (black rot).^ Viala projiosed 
to replace sulphuric acid in the winter treatment of tlie vims by nitric 
acid, which destroys the spores of this fungus. Against himts Jj(nnomc 
recommended for the treatment of the pIiyllox<‘ra tin* coating of the 
stems with a mixture consisting of 1 kilogramme of nitric acid of 
60 per cent., 2 grammes of spirits of turjxmtinc, ami 4 gramimis of 
chrome yellow, the whole diluted in 5 litres of wat(»r. Examined by 
the commission who investigated the chemical ijrodiu'ts projiosed to 
combat this insect the above mixture was iironounc'cd defective. 

^ BuiiCK Rot of the Grape. (tuiyfmrdUi Jiidwclli, -'Phis diseaws jh duo to 
the parasitism of a Sphtenacem which in succcssiou shown muidia fruit and usci 
iruit. On the stalks of the leaves black rot shows itself hy r<*d(iiKh, more or less 
circular, well-defined spots. These spots, small at first, beconn* larger and finally 
lun into la^e black spots consisting of conidia fruits. 'I’hesc sairu* spots are 
lormecl on the branches, on the cluster of grapes and on tin; grapes themselvcH. 
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At the present time it is recognized that nitric acid is very injurious 
to grubs and may be used wherever these are not on the vegetative part 
of the plant. By this method the grubs of the Tortnx vitana (pyralis 
of the vine) and the Qochyhs amhignella, Hubn. (eochyiis of the vine), 
which pass the winter m the fissures of the bark of the stem, may be 
destroyed. 

Although Dufour’s experiments, which could not destroy the grubs 
of the cochyhs by steeping them for some seconds m 50 per cent, nitric 
acid, do not speak m favour of the insecticide action of this acid, the 
results obtained in actual practice have been very favourable. Sourdon 
and Castel, as well as Debray, have recommended for the winter treat- 
ment of the vine the use of commercial nitric acid diluted wuth six times 
its weight of water. After having barked the vine by Sabate’s iron 
glove, the eyes, the runners, and the body of the stem are coated with 
nitric acid. The method may be applied in all weathers, and its 
efficacy is almost always absolute. Debray is of opinion that nitric 
acid may replace ehomllantage, “ scalding,’' which is a complicated 
method, and often inapplicable. Like the latter, it frees the vine from 
all cryptogamic parasites, and from all insects which seek a refuge in 
winter in the corners of the bark. Barbut’s observations which induced 
him to affirm that 10 per cent, nitric acid only kills 50 per cent, of 
pyralis and 40 per cent, of cochyhs, that the chrysales of pyialis can 
stand steeping in that acid for several hours without injury, and that 
treatment by nitric acid retards, moreover, the growth of the vine, in 
no way diminishes the good results obtained in actual practice, and the 
success of the winter treatment of the vine by nitric acid. 



CHAPTER V 


PHOSPHORUS — PHOSPHORETTED HYDROGEN — ARSENIOUS A(HI) —WHITE 
ARSENIC — ARSENIC A(JII) 

Phosphorus. — Preparation. — Phosphorus (Io(‘s not occur in nature 
in the free state, but as phosphoric acid combined with various metallic 
oxides, lime, magnesia, soda, etc. In the mdiusinal maimfachire 
bones form the raw material. 

Properties. — Phosphorus, insoluble in water and ahujhol, fiissolves 
in carbon disulphide. It is highly combustible. It oxidizes in the 
air at the ordinary temperature but does not ignite Indow ()if 0 
(140° P.). It melts at 44° C. (111-2° E.) It m ])reserv(Ml under water 
Phosphorus is a violent poison which, when absorb(»d (*ven in very 
small doses, induces vomiting and epigastric pains. It may act if 
it continue to be absorbed on the nervous syshun, wiiieh it d(‘pressc8, 
and by paralysing the heart’s action, it rapidly causi^s d(‘at!i. The 
intensity of the action of phosphorus dejiimds on tht‘ form under which 
it is ingested; dissolved in oil, for exampl(% it is nuudi inori*, poisonous 
than when in solution in other solvents, b(‘caus(‘ in t his form it is 
precipitated less easily in the aqueous juictss of th(‘, stoinafdi. 

Use. — Phosphorus is as violent a poison for mammals us for insects. 
It is used everywhere where pastes can uhihI to d(*stroy noxious 
animals. To prepare these pastes 50 oz. of boiling water are run 
into a porcelain mortar, then 2 oz. of phosphorus which s<ion melt 
therein; 40 oz. of flour are then added whilst stirring with a wooden 
spatula. When the mixture is almost cold 40 oz. of molten tallow 
still tepid are run m and 20 oz. of sugar. This jiaste may be used 
indifferently against rodents and certain injurious inH(‘Cts. The 
Mundes, such as Arvicola (field mice), Mm mmc.aluH ((lonu‘sti <5 mouse), 
M, agranm (field mouse), M, ratus (ordinary rat.), M. deenmanus 
(Surmulot rat), are destroyed by the phosphorus pastes, tin* prepara- 
tion of which is given above. Mohr adds a little glycmune. which 
preserves them longer in the air. With this jaiisonous pastil slices 
of toasted bread are coated which the rodents (*at withmii suspicion. 
According to Orampe it suffices to prepare a pasf.i^ of boiled flour which 
is cooled to 43° C. (109*4° P.) before mixing in tlie phoMphonis; pieces 
of straw are then dipped into the paste and laid in tin* burrow or in 
the run of the rodents. The latter in trying to remove them or in 
walking on them get daubed with pieces of paste on tlie hair, and 
are poisoned by licking themselves. 

Amongst the insects killed by phosphorus are ; Periphimia orien- 
tails (cockroach). This insect does great damage^, in hothouses by 
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gnawing orchid roots. Paste pills made from honey and phosphorus 
and laid on the pot of the plant attacked rapidly destroy the insect. 

Gi yllotuljpci vulytttis (mole-cricket) — Elias Hugo destroys it by 
laying poisoned pastes of maize, starch, water, and phosphorus in the 
burrows and stopping up the orifices The mole-crickets disappear in 
twenty-four hours. 

Formica (ants). — To poison ants Debray introduces phosphorus 
paste made from molasses and phosphorus. The orifices of the nest 
are then stopped. 

Phosphoretted Hydrogen, PH 3 .— Preparation.— (1) By the action 
of phosphorus on caustic alkalies or the hydroxides of the alkaline 
earths in presence of water and under the influence of heat (2) By 
decomposition of calcium phosphide by water alone or by hydrochloric 
acid. 

Properties. — Phosphoretted hydrogen is a colourless gas with a 
strong smell, resembling rotten fish, inflaming at 60° C. (140° P.). 
It is poisonous, and acts especially by depriving the hsemoglohin of 
the blood of the oxygen fixed therein. 

Use.— Phosphoretted hydrogen is recommended for combating the 
phylloxera. Mouillefert sliowed this gas to be five times more poison- 
ous than prussic acid. An atmosphere containing 0 5 per cent, of 
phosphoretted hydrogen is very injurious to the phylloxeras, but the 
latter are not destroyed until after they have been fourteen hours in 
an atmosphere containing 1 per cent, of this gas. Experiments on 
the large scale have given variable results; those of Mouillefert, a 
negative one; those of Rosier, a perfect one. The former wrought 
thus : 20 grammes (310 grams) of phosphide were laid m three holes 
of 50—60 centimetres (20—24 inches) m depth, at equal distances 
round a stock, and then closed. The moisture and carbomc acid in 
the soil decomposed the calcium phosphide. Rosier, on the other 
hand, recommends the digging of holes around the stock, and to lay 
therein several layers of quicklime, on which a small piece of phos- 
phorus is placed. The holes, filled up, arc covered with water and 
then stopped with clay. Rosier recommends this treatment as effica- 
cious, and without any injurious effect on the vine treated; it is done 
in the spring. Mouillefert ascribes the bad result of his experiments 
to the rapid oxidation which goes on in the soil, and to the feeble 
diffusion of phosphoretted hydrogen, which is less rapid than carbon 
disulphide. 

Arsenious Aeid, AS2O3. — Arsemious acid, or arsenic, is obtained, 
commercially, by roasting arseniferoiis minerals, the arsenides, and 
sulpharsenidos of nickel, colialt, and iron, in capacious muffles, of 
refractory material, round which the flame from the fire circulates. 

2 FeAsS + 30 = 2 FeS d- AsgOg. 

The arsenious anliydride given off is led into cold, superimposed 
chambers, where it condenses as a white crystalline powder. It is 
removed by raking it out and jiurified by distilling it in wrought-iron 
vessels. 

Properties. — White arsenic is a white or colourless, inodorous solid ; 
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recently fused, it forms a vitreous, transparent, amorphous mass. 
White arsenic only dissolves at 13° C. in water, m the ratio of ]*2— - 
1*3 per cent., whilst the vitreous acid dissolves in the ratio of 1 per 
cent. Its taste is at first faint, then bitter and nauseous. Arsonious 
acid is a violent poison for all animals, and in a dose of 1 decigramme, 
say IJ grains, kills man. It is a violent escharotic of tlie mucous 
membrane, and of all the tissues in general, which it inflames, and 
rapidly destroys. Absorbed by the digestive chann(‘ls, it gives rise to 
gastro-mtestmal symptoms, which are often followetl hy paralysis. 
In very small doses it is a powerful stimulant, which eneourag(‘K growth. 
This property causes it to bo much used in medicine. Arsmne is as 
poisonous to plants as to animals It burns the lc‘aves Arsonitos 
soluble in water are the more active the greater their solubility; those 
which are insoluble in water consequently have no injurious action on 
plants. 

Herbaceous plants die when they arc watered with a 0-5 jier cent, 
solution. Deciduous trees are also very sensitive to the action of 
arsenic To destroy certain insects, a solution of %)i) grammes in 100 
litres (2 lb. per 100 gallons) were tried, but cvcin m that proportion 
the arsenic is still too prejudicial to the leaves. 

Table XVI — Showing Senaitivencss o} Leavos of VarioiiH F/uit Ttern lo Solutions 
of Arsenious Acid of Various Siraiglhs, 


Name of 
tree. 

Orammes 
AsgO, per 
100 litres ^ 

Effect on 
leaves. 

Name of tree. 

(Jra rnnu‘s 
ASijO;, per 
IDO litres.* 

1 Effect, on 
lt‘avcs. 

Apple 

30 

Browned 

Ntgiindo acooidn 

30 

Burnt 

Plum 

15 

if 

(ihditschm truh 



Plum 

10 

Attacked 

ennthus 



Vine 

48 

Burnt 

Poplar 

15 





Raspberry 

U 



Gillette found that in a much weaker dose arsenic is still injurious, 
and that, in this respect, different plants are not ecjually s<‘nsitive 
These doses being often insufficient to kill the insects, arsenic 
solutions were completely abandoned, and replaced ]>y neutral bouillies, 
in which the arsenic is generally in the insoluble eondition, and ilms 
in a form which docs not injure the plant. Arsenious a(‘i<l lias also 
a very decided action on the spores of fungi. This aefion was long 
known and utihzed to disinfect cereal grains, wlnm, in JHoG, Boussin- 
gault recommended the use of arscnite of soda for tin* disinf(‘(*tion of 
grain. This process was, m his opinion, the best for fn^ung farm 
crops from smut, bunt, rust, caries and ergot; it, moreov(‘r, had the 
advantage of protecting the gram from the ravages of injurious animals 
after sowing. 

Arsenic Compounds. — White arsenic is the basis for llu* manufacture 
of all arsenical insecticides, some of which, <*H|>ecially fhe lead and 
calcium salts, find an extensive use. Tlujse are dealf» with under 

1 Parts by weight in 100,000 parts }>y volunu*. 
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separate headings Arsenites are prepared by combining arsenious 
oxide with a base. Arsenates are produced by first oxidizing arsenious 
oxide to arsenic oxide (arsenic acid) and then combining the material 
with a base. Except for their water content of approximately 50 per 
cent , the paste arsemcals have the same general composition as the 
powdered arsemcals. The usual lead arsenate on the market, acid 
lead arsenate (PbHAs 04 ), is well standardized and stable. Basic 
lead arsenate (Pb 4 Pb 0 H(As 04 ) 3 ), also well standardized and stable, 
is being manufactured at present only to a limited extent Chiefly 
because of its low arsenic and high lead contents, basic lead arsenate 
is more stable and therefore less hkely to burn foliage than acid lead 
arsenate. It possesses weaker insecticidal properties and is somewhat 
more stable in mixtures than acid lead arsenate. Commercial calcium 
arsenate (arsenate of lime), the manufacture of which is rapidly becom- 
ing standardized, contains more lime than is required to produce the 
tribasic form Paris green, an old and well standardized arsenical, 
is less stable and contains more ‘‘ soluble arsenic ” than commercial 
arsenates of lead or lime. The following combinations of insecticides 
and fungicides were found to be chemically compatible : Lime-sulphur 
and calcium arsenate, nicotine sulphate and lead arsenate; and 
Bordeaux mixture with calcium arsenate, acid lead arsenate, zinc 
arsenite, or Paris green. The following combinations were found to 
be chemically incompatible : Soap solution with either calcium arsenate 
or acid lead arsenate ; kerosene emulsion with either calcium arsenate 
or acid lead arsenate, and hme-sulphur with acid lead arsenate. 
Combined with nicotine sulphate, calcium arsenate always produces 
free nicotine, and unless a decided excess of free lime is present soluble 
arsenic is produced. The combination of sodium arsenate with Bor- 
deaux mixture as used m experiments of the U S Bureau of Agriculture 
gave no soluble arsenic. 

Bordeaux-arsenic Dust. — The most common Bordeaux-arsenic dust 
is blue when moistened with water. A green dust is made from burnt 
lime, copper sulphate and white arsenic, while a brown dust is made 
from burnt lime, copper sulphate and arsenic acid. In the control of 
biting insects all three dusts gave very similar results, being all highly 
eflective against leaf-eating insects such as tent caterpillars (Mala- 
cosoma), the green dust, perhaps, proving somewhat superior to the 
others. 

Use. — The French Ordinance of 1846, Article 10, " The sale and 
use of arsenic and its compounds are interdicted for the pickling of 
grain, the embalming of corpses, and the destruction of insects,” has 
prevented its use in France, but in other countries the valuable 
properties of this product have earned for it numerous applications. 
The first trials were made in America in 1867, when Markham used 
arsenic to combat an insect very deadly to the potato, the Lejptinotarsa 
decemhneata'^ or Doryphor of Colorado (the Colorado beetle). The 

^ Leptinotarsa dbcemlinbata (the Colorado beetle) — Deep yellow Coleop- 
tera, closely allied to the ohrysomehdes; 1 centimetre in length with five black 
longitudinal lines on each elytrum This insect does great damage to potato 
fields in America It gnaws the leaves as larva as well as in the perfect state, 
and produces abortion of the tubers Energetic methods are adopted to prevent 
it being imported into Erance [and Great Britain]. 
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use of arsenic became general in ]871, but especially in the form of 
neutral bouillies, with an emerald green or Scheel('’s green basis, London 
purple or arsenite of lime, or in admixture with difTereut anti-crypto- 
gamic salts. Gillette also recommended, in the form of powder, mixed 
with much flour. In this form it has been recognized as less injurious 
to the leaves than in solution, and is thus recommended every time 
that spraying cannot be adopted To-day white arsenic is hardly 
used except to poison the pastes for the following insects : Agnofes 
hneatus or Elater segetis, L. (wire-worm), injurious to cereals; Agnotes 
or Elater sputator, L. (spitting click beetle), injurious to lettuce ; Agnates 
or Elater ohscurus, L (dusky click beetle), injurious to carrots It 
IS very difficult to get at the larvae, as they live hidden (-omstock 
recommends to destroy them by pastes poisoned by arsenic. For this 
purpose small bundles of lucerne arc prepared towards »luly, of which 
the larvse are very fond; they are dipped in a 1 p(T cimt- solution of 
arsenious acid, they are then placed in the infected fiidds, taking care 
to cover them with flower-pots so as to keep the liic<‘rne moist which 
should always appear as if fresh cut. 

In the Virgin Islands the larvae of Pieris {Pouf in) inomste (souiliern 
cabbage butterfly) were successfully controlled by i-he ap[)lication of 
a dust of IJ parts of a commercial preparation of arsenic (containing 
30 per cent of arsenic oxide), IJ parts of lime and 7 jiarts of finely 
ground sulphur. 

Grasshoppers . — For making jioisoned liran mash for grasshofipers 
in Minnesota, the formula recomm(‘iid(‘<l ar(‘ 100 11). coarsi^ wheat 
bran (free from shorts), 5 lb. crude white arsmiic, 11). Halt-, 3 oz. amyl 
acetate (technical grade), 2 U.S gals. molasscH (low grade), ami 10 or 
12 U S. gals, water. 

Gryllotalpa vulgaris (mole-cricket). — To ])oison this in.s(*et Lehmann 
spreads in the spots frequented by it preparations made thus : thyme, 
sweet marjoram, sweet basil, with groun<l arsmii(‘, earth, or sand. 
The mole-crickets, very fond of these seeds, come to eat* th(*ni and are 
poisoned. 

Acrydium migratonum (Criquet migrateur) ; Arrydiiau pnrgnnum 
(Criquet pelerin). — Chenucals are only rarely used to combat these 
locusts; battues and Cypriot’s apparatus an* ])ref<*rr(ML However, 
Coquillot recommends the use of poisonous j)r(q>arat ions. One lb. of 
sugar is dissolved in enough water to form a syruj), i here is tlien stirred 
in 1 lb of arsenic and 6 ik of bran. This ])aste is divid<Ml into pieces 
the size of a nut and then laid in front of tlu* line of inva.siou of the 
locusts at the distance of a yard and in several jiarallel rows, 

Agrotis segetum^ W. V. (the common dart moth) ; Agrotis exolama- 
tionis (the heart and dart moth). — Coquillot reconumnids bunches of 
lucerne, steeped in a 1 per cent, solution of ars(‘nic, or the preparation 
already prescribed to destroy locusts. The pn‘paration is placed 
round the stocks of the vines; the grub, seeking its Bhelt<*r in the 
morning on the vine, grazes the arsenic of the jireparation and is 
poisoned by contact, for this product kills tlic insects that touch it as 
well as those that absorb it through the digestive chaniu^Is. 

Kermes . — It is asserted that these parasites do not resist a 1 to 3 
per cent solution of arsenic. 
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Phylloxera mstatrix, Planch (phylloxera of the vine). — Arsenious 
acid was proposed like other substances at the moment of the phyl- 
loxeric invasion. The insecticide properties of this product being 
known, it was hoped to be able to destroy this formidable insect by 
watering the soil round the stocks with a dilute solution of this poison. 
The phylloxera infected vines, after having been stripped within a 
radius of 10 inches round the root, were each treated with 25 grammes 
of arsenic dissolved in 10 litres of water [Dissolve 2} lb. arsenic in 
100 gallons water and give each vine 21- gallons] The adult phyl- 
loxera were found dead, but the young ones were quite robust. As 
soon as the diffusive action of the soil had rendered the arsenic power- 
less, the phylloxera multiphed once more. Other trials showed that 
this dose IS quite insufficient to destroy the phylloxera of the vine 
Vines so infected placed in pots containing 4 litres of earth received 
1*5 grammes (23 grains) of arsemc in 100 grammes (3J oz ) of water. 
This, though a considerable dose, did not free the vine from its para- 
sites. It corresponded to 375 grammes of arsenic per cubic metre of 
soil, and is not withstood by the vine, which can stand a J per cent, 
solution, but a J per cent, afiects it. Arsenic has not therefore been 
judged capable of being taken into account for the destruction of the 
phylloxera. 

Rodents (mice, rats, field mice, moles). — ^Arsenic is the poison most 
often used to destroy rats. There are different methods of utilizing 
it : (1) Boil wheat in water saturated with arsenic ; boiling must not 
be too prolonged, as the grains must remain hard. Place some of the 
grains, after wiping them, in each hole. To destroy the field mouse 
it is better to operate in winter, when the animal is famished. (2) Mix 
100 grammes of arsenic (3^ oz.) with 1 kilogramme of tallow (say 
2J lb,), 4 grammes (say -J oz ) anise, and 10 grammes (say J oz.) lamp- 
black. The paste is spread on very thin slices of toasted bread. 
(3) Mix 4J oz flour with 1 oz. of arsenic and place a httle of the powder 
in a dram pipe, about 1-J inch m diameter ; place this pipe near mole 
holes. This method keeps the poison beyond the reach of game and 
dogs. These pipes can also be used for poisoned grain. (4) Cut a 
celery root in two parts, make a cavity in each piece, and fill it with 
arsenic, then stick the two pieces together by a glue without smell. 
Thus, after removing the point of one of these roots a comcal hole is 
made in it, arsenic placed in the opening so made, and closed by the 
piece removed, which forms a natural plug. Place the celery so pre- 
pared in the nests. Complete success will be obtained if precaution 
be taken to accustom the rodents to this preparation by giving them 
first non-poisoned celery. 

Arsenic Acid, AsgOg. — Preparation. — By oxidizing arsenious acid 
by nitric acid. 

Properties. — ^Arsenic anhydride is a white solid. It dissolves slowly 
in water. It is a more violent and more rapid poison than arsenious acid 

Use. — ^Arsenic acid has been proposed for the disinfection of seed- 
corn. A powder is prepared with 9 parts of lime and 1 part of arsenic 
acid, with which the corn kept moist is sprinkled in the proportion of 
3J lb. per 2J bushels of grain. After twenty-four hours the seeds 
were dried and sown. 
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AMMONIA— AMMONIUM SULPHIDE— AMMONIUM SUMMIATH - AMMONIUM 
CARBONATE— SODIUM HYPOSULPHITE— SOU I UM SULI’IIATE SODIUM 
CHLORIDE (COMMON SALT)— CAUSTIC SODA— SODIUM MTIIATIC (ciim 
saltpetre)— ARSENITE OP SODA— BORAX— SODIUM CARBONATE- 
SODIUM PLUORSILICATE 

Ammonia, NH, —Preparation— By distilling uinmoniacul gas 
liquor with lime, also synthetically hy tdio Haber and other proci'sses. 

Properties. — A mmonia is a colourless ^as with a luiiiei'iit smell, 
which irritates the mucous membranes, and an acrid taste. Aminonia 
IS one of the nutritive substances of the jilaiit, and its jiresence in the 
air greatly stimulates the growth. The dose injurious to plants is 
about 1000 times greater than the normal dose. Soiim jilaiits arc 
more sensitive than others Whilst 24.3 milligraintnes of aininoiiia 
per cubic metre of air had no bad effect on oaks, even if they reiiiained 
an hour in that atmosphere, 70 — 86 inilligranimes caused a. patho- 
logical condition on plum-trees and cherry-trees. A dose of 32-36 
milligrammes of ammonia per cubic metre has no caustic action on 
the most sensitive of vegetables. The symptoms of burning by 
ammonia are the following : The leaves of the oak lilaekcm ; those of 
cherry-trees and plum-trees become brown; haricots lilac ken, and 
cereals lose their colour and become quite jmle. Voiiiig liuds are 
much more sensitive than old leaves A U (103 - ()■0(),") per cent solution 
has no action on the protoplasma of maize, haricots, tomatoes, and 
strawberry plants ; more .concentrated solutions increase the nioveineiits 
of the protoplasma. 

The seeds of PJiaseolus tmiltiJI'Ora geriniiiafi' in nine days in an 
atmosphere containing 0 003— 0-()04 per cent, of aiiiiiionia;" likewise 
the seeds of Yicnfaba, when the ambient air contains (Mi(i3I jier cent, 
of this gas. In an atmosphere containing (l-OOb per cent., of ammonia 
leguminous seeds cannot germinate, and a 0-l)()83 jx'r eeiil. scdulion 
exercises an unfavourahle action on young maize, owing to its 
diminished growth. 

Use.— The causticity of ammonia being known, it is evident that 
care mpt be taken not to bring it in contact with plants. Ammonia 
enters into the composition of certain antieryjitogamic bonillies, and 
chiefly eau edeste used to kill mildew. The good clfects of this pre- 
paration are indisputable, but tliey can only he ohiaiiieil hv' working 
wdth an absolutely neutral solution, a point which c!oe.s not. reeeivi* m 
the majority of cases the serious supervision wlurh it, reijiures. It 
follows that mishaps occur, which should not he jirofinei'd with a sub- 
stance possessing all the properties that can he (le.sire,(l. J’ure ammonia 
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has few applications in agriculture. However, gas liquor, which is 
cheap, IS in general use. These ammoniacal liquors kill mosses in 
meadows and impart fresh vigour to gram crops. But in the con 
dition in which they are bought these liquors are too concentrated, 
and might kill graminaceous crops. They must be reduced by an 
equal quantity of ordinary water, and only 4.000 litres of this mixture 
spread per hectare (352 gallons per acre). The following diseases are 
combated by ammoniacal treatment : — 

Heterodera Schachtii, Schmidt (nematode of the beet). — ^Willot has 
published very satisfactory results which he has obtained by the use 
of ammoniacal liquors. The infested beet fields, producing, on an 
average, 4 tons of beets per hectare, say 1*6 tons per acre, yielded 
37 tons per hectare, say 14*4 tons per acre. In Willot’s patent the 
nematodes succumb to the alkaline action of gas liquors, provided 
they contain 5 per cent, of ammonia. The results obtained by others 
have not been so favourable Hollrung remarks that beet seed was 
not capable of springing up in a soil treated with ammoniacal liquor. 
To avoid this drawback Willot follows up his treatment by spraying 
with ordinary water. Be that as it may, this treatment cannot be so 
efficacious as that due to Aime Girard, which consists in using a strong 
dose of carbon disulphide, and which ought always to be preferred. 

Jassus sexnotatus ^ (grain grasshopper) — Steglich recommends 
ammoniacal liquor of gasworks, in which 2 per cent of soft soap is 
dissolved, the whole diluted with an equal bulk of water, to get rid of 
this pest. Sorauer eulogizes the good effects of this treatment, and 
recommends spraying with a solution made in the ratio of 30 lb. of 
soft soap and 3 gallons of commercial ammonia in 100 gallons of water. 

Ammonium Sulphide, (NH 4 ) 2 S — Preparation. — ^Ammonia forms, 
when combined with a semi-molecule of sulphuretted hydrogen, hydro- 
sulphide of ammonia or ammonium sulphide. 

Properties. — Ammonium sulphide is m the form of yellow crystals 
which arc very soluble in water. It is usually obtained as a yellow 
liquid which has a very strong smell of rotten eggs. 

Use. — Dematophora necatnx, Hartig (root rot) — Dufour tried to 
replace carbon disulphide by this substance, but the results obtained 
were not perceptible. 

Phylloxera vastalnx, Planch (phylloxera of the vine). — ^Mouillefert 
found that the phylloxera dies in twenty-four hours in an atmosphere 
containing 1 per cent, of ammonium sulphide. Used in small dose 
on a vine in pot where the whole soil could be impregnated with this 
substance, the result was satisfactory, but on the large scale diffusion 
is not so perfect, and the result was always incomplete in spite of the 
toxicity of the two gases which form this salt, ammonia and hydrogen 
sulphide. Mouillefert experimented thus : The stocks, stripped to 
30 — 35 centimetres (12 — 14 inches), were watered with 400 cubic 
centimetres of the liquid sulphide, then with 10 litres of water, after 
the liquid was absorbed the earth was put back round the stock On 
roots 50 — 60 centimetres (20 — 24 inches) deep the efiect was, so to 

^ Jass ITS SEXNOTATUS, Ck'vdella sbxnotata (Cicadella of oats, Cicadella of 
cereals) — Yellow grasshopper, with brown spots, 3 millimetres long. They suck 
the leaves of the oats which turn yellow and wither. 
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speak, ml, and it was even observed tliat the pliylloxoras Iiad not 
been entirely destroyed on the upper roots. According to (V)uvy 
and Rohart, this bad result was due to the aminoniuin sulphide rapidly 
decomposing in the soil to form inert combinations sucdi as ammoriuun 
sulphate 

Cochylis Ambigiiella, Hubn (cochylis of the vine). — Diifour recom- 
mends against the grub of this butterfly a solution rif per cimt. of 
ammonium sulphide and 3 per cent, of soft soap, winch regards as 
being more efficacious than carbon disul})hide. 

An ammonium polysulphidc wash is reconirnen(l(‘d liy tlie Rriiish 
Ministry of Agriculture for destroying American (loosidxTry Mildew 
(SphcBrotheca mors-uvcB, Berk) Tlie solution is diluted t.o a strength 
of 0*11 per cent of polysulphide and used with 0*5 per emit, of soft 
soap (5 lb of soft soap to 100 gallons of wash) 

Ammonium Sulphate (NHJgSO^ — Sul])hato of annnonia is manu- 
factured commercially by distilling the aminoniacal Injiior of gasworks 
and is also a by-product of blast furnaces and of oil-shah* distillation. 
The volatile portions arc collected in dilute sulphiirii* acid, tin* li([iiors 
obtained are concentrated in lead tanks, where the sulfihate of ammonia 
crystallizes in prisms. 

Properties. — Ammonium sulphate forms anhydious iK*riuan(*nt 
prisms It dissolves in 2 jiarts of cold and J jiart of hoihng water. 

Uses. — As an ammoniacal manure'. 

Hehophobus populans. — Amongst the ins(*cticid(‘s used to (hsstroy 
the grub of this Lepidoptera, which caust's sufdi daiiiagi' to nu'adowK, 
Marchand found that only a 10 per cent, solution of ammonium sulidiate 
in purm gave appreciable results. 

Phylloxera msiatrix. Planch, (phylloxera of the vim»). According 
to Rosler’s experiments on the phylloxera, with tlu* most divcrsi* sub- 
stances, ammonia had on these plant-iice as energetic an (dTf'ct as 
carbon disulphide and sulphuretted hydrogen, Imt that it- liad not. such 
a poisonous effect on the plant as the two latter gas<*s. To gi'nerate 
the ammonia gas in the zone invaded by the louse, Rosier recommends 
piercing holes with the injector round the vine, and lillmg tlif*m (‘ither 
with alternate layers of newly slaked lime and ammonium sulphate, 
and spray afterwards with water, or with lime alone, and then sjiray 
with a solution of sulphate of ammonia. Tin* hole's an* th<*n jilugged 
with clay or wooden plugs. The ammonia gas generati'd by the 
mixture of these substances reaches the pIivllox<‘ra, and infallibK 
kills it. 

Mouillefert determined that if the phylloxf'ra be sf*nsitiv(*. to 
ammonia it is difficult on the large scale to (histroy it witli ammoniacal 
liquor. ^ A phylloxera-infested root dipped for thriM* minub'sin ordinary 
ammonia, or exposed for an hour to the vapours of 5 cubic c(‘ntiim‘tres 
of this substance m a 2-litre bottle was freed from all its ]>arasitcs, 
but these experiments repeated on a pliylloxcra-inb'sted vine m j)ot 
gave no good results.^ For that purpose JO cubic, c(*nt,inictn‘s of 
ammonia were poured into two holes which were iimii(*diutcly plugged. 
The beards of the root in existence before the ox]>cniucnt W(*re d<\stroyed 
and the swellings on the large roots still bore nuuieious ]>arasitcs. 
Ammoniacal liquor, according to this experiment, is not, t.hi'ri'fore, 
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capable of destroying the phylloxera without imparting grave injuries 
to the plant In fact, 20 cubic centimetres of this liquor employed in 
the same conditions on a healthy vine burnt the leaves, and 10 centi- 
metres killed them. Ammonia used as vapour does not appear to 
have the injurious action of ammoniacal liquor on plants. Ammonium 
sulphate used according to Hosier’s indications, may thus have as 
great an action on the phylloxeras as it has on the vine, by imparting 
new vigour to it in virtue of its nutritive properties. 

Ammonium Carbonate (NH 4 ) 2 C 03 — Preparation— By heating in 
a cast-iron retort an intimate mixture of equal weights of ammonium 
sulphate and chalk The volatile salt is condensed in a receiver. 
Another method is by heating ammonium hydroxide with ammonium 
bicarbonate 

Properties. — Ammonium carbonate is a white fibrous mass with 
a caustic taste and exhaling ammoniacal odour. In contact with air 
it loses a part of its ammonia and is converted into a more stable 
bicarbonate Solutions of ammonium carbonate are completely 
dissociated into ammonia and carbomc acid when heated. 

Use. — Hitchcock and Carleton have observed that a 1 per cent, 
solution of ammonium carbonate stopped the growth of the uredospores 
of Puccima coronata, Corda, after seventeen hours’ action 

Phylloxera vastatnx, Planch, (phylloxera of the vine) — The effects 
of ammoniacal manure, such as ammonium carbonate, which stable 
manure contains in notable quantities, have always been successful on 
phylloxera-infested vines Rosier ascribes this to the ready dissocia- 
tion of this salt into ammonia — especially poisonous to the phylloxera 
— and carbomc acid So as to render it still more active, he advises 
the manure containing the ammonium carbonate to be spread in 
the spring, because the young generations of phylloxera are much 
more sensitive than the adults Mouillefert is of another opinion. 
According to his experiments a solution at the rate of 2 lb. of this 
salt in 25 gallons of water with which he watered a phylloxera-infested 
vine was incapable of killing the phylloxera. He concluded that 
ammoniacal salts only acted as fortifiers of the plant. 

Sodium Hyposulphite, Na 2 S 203 , 5 H 20 — Preparation. — Sulphites 
boiled in presence of sulphur are converted into hyposulphites. To 
accomplish this, a solution of sulphite of soda is boiled with excess of 
sulphur until saturated, it is filtered and cooled Large crystals of 
sodium hyposulphite form. Commercially this salt is prepared by the 
action of sulphurous acid on calcium sulphide (alkali waste). The 
hyposulphite of lime formed is converted by sodium sulphate into 
sulphate of lime and hyposulphite of soda. 

Properties. — Hyposulphite of soda is a colourless salt, permanent 
in air, with a bitter taste and very soluble in water. It is less stable 
in solution than in crystals ; even in the absence of air it is decomposed 
into sulphite of soda and free sulphur which is deposited. In contact 
with acids the hyposulphite is decomposed into fine sulphur and 
sulphurous acid . — 

NagSgOa + 2HC1 = 2NaCl + H^O -f SO^ -f S. 

Heated out of contact with air it splits up into sodium pentasulphide 
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and sodium sulphate. The use of sodium sulphito has been recom- 
mended m medicine, especially against itch. Rubbing wiUi a solution 
of hyposulphite of soda is followed by washing with di kite liyr ro- 
cHorie acid. The sulphurous acid disengaged and the suljiliur 
precipitated in the pores of the skin make the sulphite a very eflicanous 

agent in the destruction of this ^caiiw. , - , , , , , 

Action on Plants.— The hyposulphite acts like the siiljihite of soda 
and sulphurous acid. Absorbed by the loaves of jilants it is there 
converted into sulphuric acid and burns the leaves I'hc e.'cperiineiits 
therefore to replace sulphur by this salt which, so to speak, contains 
dissolved sulphur have been abortive because it burns the leaves, and 
the more so the greater the heat. Kascrer observes that it suihccs to 
use a solution of hyposulphite rendered alkaline by milk ot lime to 


obviate this drawback. 

Action on Fungi.— Sulphur in hyposulidute of soda ])iv.s(‘rv(i.s its 
anticiyptogamic properties and imparts tlicni to it. Jjikc sulphur 
hyposulphite of soda has been recognized as capable of killing all 
fungij the mycelium of which crawls on the surface of tlui iilarit, 

PucciuicL coYOYidta^ Cord, (coronated rust of oats) IJitclu'ock and 
Carleton examined the action of solutions of liyposul pinto on the uredo- 
spores of this rust and found that a 1 per cent solution lias no injurious 
action thereon, but it exerts a retarding action on the gonnniation 
and a diminution thereof on the seed steeped therein for twenty-six 


TJneimh amencana, How. (oidium of the vin(‘) — Jhiuly exainined 
the action on oidmm of a double hyposiiljihite ol soda and silver. 
After a microscopical examination he observed thii gn'ut {illeratiion 
undergone by the mycelium in contact with a solution eoniaining ()•! 
to 0*2 per cent, of this salt, and concluded that ilH‘ use of this salt as 
a curative agent would give good n^sults However this salt has In^eu 
abandoned in the treatment of the vine Ix^cause it huriKMl lli<‘ leaves 
especially during great heat, and that much more so than tin* suhlinied 
sulphur which it was to replace. 

By adding 300 grammes of hyposulphite of soda to a l-o per c(*nt. 
bouillie bordelaise, Kaserer obtained by three sprayings Jii a year 
complete success in treating oidium without the tr{‘afm(*nt being 
followed by the burning of the leaves. Solutions ot liyfiosulphite 
to which rnilk of lime was added have been found more en(*rgetic iliau 


sulphur. 

Sphcerotheca pannosa (rmldew of the rose).— V(‘S(|ue j>roposes 
hyposulphite of soda to destroy mildew of the rose. 

Gmgnardia Bidwelhi Viala et Kavay (black rot of \in(*).- Jhuily 
remarks that the double salt, hyposulphite of soda and silver, is ra])- 
able of arresting the progress of the black rot in full (ivoiution ; used 
111 a 1 per cent, solution its effect on the spores and the myeidiiim is 
most conclusive. This product has therefore be(‘ii u>s<‘d to d(‘stroy 
this disease by making three sprayings per annum on the attacked 
vines. This treatment, which burned the leaves, has not been the 
success anticipated. 

Crouzcl’s anticryptogamio which contains both calciinn polysulphidc 
and a little naphthaline, and 0*2 per cent, of hyposulphite of si^la is 
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recommended to combat tbe cryptogamic diseases of tbe vine, and 
particularly tbe black rot and tbe oidium. Spraying should alternate 
witb five or six days’ interval witb those made from copper preparations. 

Sodium Sulphate, NaaSO^ — Preparation. — By decomposing sodium 
chloride by sulphuric acid : — 

2 NaCl + H 2 SO 4 = Na^SO^ + 2HC1. 

Properties. — Crystallized sodium sulphate or Glauber’s salt con- 
tains 10 molecules of water of crystallization. Heated, these crystals 
melt in their water of crystallization and lose it by igneous fusion. 
Anhydrous sodium sulphate, a white amorphous powder, is formed. 
Sodium sulphate reaches its maximum solubility in water at 33° C. 
It IS a neutral body which has no action on plants except when highly 
concentrated. Seeds, however, do not stand without injury prolonged 
immersion in a bath of 2 per cent, of sulphate of soda. 

Use. — Mathieu de Dombasle discovered the injurious action of 
this salt on the spores of smut and hmit, and proposed it to replace 
common salt then in use to disinfect gram by sodium sulphate. The 
process in use up to then had many drawbacks. It consisted in macer- 
ating the grain m a mixture of lime and common salt for twenty-four 
hours, and only gave incomplete results. The use of the Absolute 
Preservative of Mathieu de Dombasle ” was a real progress from all 
points of view; it shortened the long immersion and gave a better 
result without injuring the grain treated. Process . — Dissolve 8 kilo- 
grammes (17*6 lb.) of sodium sulphate in 100 litres (22 gallons) of water. 
Spread on the water-tight floor (of a ground floor) 1 hectolitre ( 2 -| 
bushels) of the grain to be disinfected and water the heap with this 
solution, stirring with the shovel until all the grams are well moistened. 
Then spread 2 kilogrammes (44 lb.) of lime recently slaked over the 
moistened gram, and stir the heap until all the grams are covered with 
a layer of lime. Hequet d’Herval declares that the success of this 
treatment is complete, and Loverdo regards this process as that which 
gives the best result, after Kuhn’s blue vitriol disinfection process. 
Sulphate of soda is, moreover, less injurious to the gram than blue 
vitriol. Comes has slightly modified this treatment and advises that 
the spraying of the heap of grain be replaced by immersion m a solu- 
tion of sulphate of soda. It suflhces to immerse the seeds in a con- 
centrated solution of sulphate of soda so that they are completely 
covered, then add milk of lime and stir for two hours, then spread the 
grain out to dry. G. Aiieti estimates that sulphate of soda has a 
more injurious action on the spores of Tilletia (bunt) than sulphate of 
potash. He advises not to exceed a 2 per cent, solution for the sake 
of the vitality of the grain, this quantity being quite sujBficient to fulfil 
the object of sulphatmg (pickling). 

Sodium Chloride (Common Salt), NaCl —Occurrence.— Common 
salt IS found crystallized in thick beds in certain countries and is dis- 
solved in water, filtered and crystallized. It also occurs in solution 
in sea-water and brine springs, from which it is evaporated. 

Properties. — Salt is met with as anhydrous crystals. The degree 
of solubility of the salt in water varies little, whatever be the tem- 
perature, 100 grammes of water at 18° C. dissolve 36 grammes of 
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salt, and at 100° C. 40 grammes. Its use is necessary m the nutrition 
of the animal ; administered in too high a dose, it cannot be eliminated 
by the skin, the kidneys, and the intestines, and remaining accumulated 
in the blood it may coagulate the albumen 

R6le of Common Salt. — Sodium chloride or its elements, with few 
exceptions, are present in almost all plants. A feeble dose of common 
salt may thus act as a manure for plants, but a strong dose may be so 
injurious as to kill them. If the quantity of salt used exceeds a certain 
dose, it stops germination of the seed and the growth of plants. Diete- 
rich proved that big doses of salt completely paralyse the first ])hascs 
of plant life, and prevent the development of the plant. Eiit all plants 
and all seeds do not stand the action of salt to the same extent. As a 
result of some laboratory experiments, it is recognized that barley 
stands stronger doses of salt than tares, and oleaginous seeds resist 
salt better than other seeds. 

Common Salt as Manure. — 'To a greater extimt tlian ])ota.ssium, the 
sodium necessary to the plant exists in all soils in suflicieut quantity. 
Practice has, however, shown that the application of coimnoii salt to 
a soil rich in sodium is always followed by good results, provided always 
that a certain dose is not exceeded. In these conditions it is (wident 
that it cannot act as (plant) food, and its role must be rc‘gar(l(‘d from 
another point of view, and possibly the following. According to 
Braconnot, one of the first effects of salt added to a soil is to keep 
it moist. This property, which the salt owes to its aflimty for water, 
IS m a high degree favourable to the transport of the (‘liMmuits assimil- 
ated in the plant. Liebig and others agree in attributing to common 
salt the role of a solvent of phosphate of lim(‘. Jju*big found that a 
solution of 1 kilogramme (2 2 lb.) of common salt m fiOO hires (110 
gallons) of water dissolves 15 grammes, say J oz., of phosphate of 
lime. The good effects of salt may be confirmed by spreading a small 
quantity on the land. In big doses it is, on tluj contrary, anlisiqitic 
and prevents the putrefaction of organic mattiT in the soil, and conse- 
quently the formation of nitrates. The nitrification of organic matter 
goes on slowly in cold weather; salt, therefore, has nioni action m 
southern countries than in northern countries. For tluj action of salt 
on arable land to be complete heat and moisture must be, inti^rmittent. 
In dry years salt may be injurious, because it th(‘U acts as a caustic, 
and corrodes the plant. Plants on the sea-coast ar(‘ watered natairally 
by the salt water of the sea. Where the desiccating action of the wind 
cannot wither up plants sheltered behind walls, hedgt^s, or fon^sts, 
vegetation becomes luxuriant. It is otherwisfi (pnt(‘ on the s<‘ashore, 
the excess of salt, especially magnesium c}ilond(‘, Ixung as injurious to 
plants as the drying wind. Barren zones are thus to lie found along 
the shore. The experiments of Lecocq have shown that it recjuires 
150 — 200 kilogrammes (330 — 440 lb.) of common salt fXT luH'iare, say 
132—176 lb. per acre, as a manure for luc(»rne, 250- 300 kilogrammes 
(550 — 660 lb., say 220 — 264 lb per acre) for flax and wln^at, ami 264 lb. 
per acre for barley. Others have confirmed these figur<‘S and give 
264 — 440 lb. per acre as a suitable dose. 

Use against Injurious Plants. — >Salt m excess is inj’urious, and 
certain plants stand it with difficulty. Wmidler found (*oiniuon salt 
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an excellent means of destroying charlock. Waste salt may be used 
with good effect as a weed-killer on garden paths. A strong dose of 
salt has a corrosive action on delicate plants , thus mosses and horse- 
tails which invade meadows succumb long before the graminese. 
Used on meadows and fields in a dose to kill moss, it only retards the 
growth of the graminese, applied on corn fields, it keeps the stem 
shorter, imparts a certain rigidity and prevents laying Watering 
paths with a 10 per cent, solution is the method used to destroy weeds , 
unfortunately it only destroys them momentarily and imperfectly 
because they spring up again as soon as ram comes to wipe out the 
treatment. It is more effective when applied in a dry state. Top- 
dressings of salt at the rate of 5 to 7 cwt per acre have, in 
some cases, proved very effective against the weed Yellow Rattle 
(RhinantJius Gnsta-Galli, L ). There is a risk, however, of this treatment 
seriously damaging grass or clover. 

Use of Common Salt against the Diseases of Bade nan 

diseases of the 'potato, scab, o evices, etc — Becquerel experimented with 
common salt on the diseases of the potato. This product, in big doses, 
being an antiseptic, it might, therefore, prevent the extension of these 
diseases. The potatoes were planted in winter, and to prevent the 
frost getting at them the tubers were planted at a depth of 15 inches, 
with 10 grammes of salt, and others without any saline manure. In 
the salted ground the potatoes could be harvested two months before 
the normal time, and whilst on the ordinary soil there were 10 per 
cent, of diseased potatoes, on the soils supplied with salt all the tubers 
were sound. According to Peters there is even an increased yield, 
but on the other hand a diminution m the total amount of starch. 
The same result occurs, therefore, as with the beet , the improvement 
brought to bear on this crop by common salt and the increased yield 
arc rather illusory, since the weight of the beet increases whilst that 
of the sugar diminishes 

Rust of Ceieals. — Solutions of common salt were tried to combat 
this disease on the adult plants. Feburier and Philhpar obtained 
good results by spreading either salt or a mixture of salt and lime on 
the crop, but this improvement has been disputed by Loverdo. 

Use in the Destruction of Insects. — Salt is not an insecticide, but 
its presence in the soil sometimes renders a sojourn there impossible 
or disagreeable to certain insects. 

Agnotes hneatus, L. (wire-worm) — The larvae of this insect have 
been combated by spreading a strong dose of salt on the fields. Com- 
stock and Slmgerland found that by mixing 10 tons of salt per hectare 
(4 tons per acre) with 10 centimetres (4 inches) of the arable surface 
soil these larvae died ; with only 7|- tons per hectare (3 tons per acre), 
the effects were imperceptible. Unfortunately to obtain good results 
such large doses of common salt must be used that growth cannot 
take place normally; hence it has been advised to apply salt during 
the bare fallow, as the latter is incapable by itself of diminishing the 
number of polyphagous larvae. 

Fieris (white cabbage butterfly). — The grubs of the Pierides, which 
ravage cabbages, may be destroyed by watering the latter with a 
solution containing 250 grammes of salt and 250 grammes of tobacco 
8 
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juice in 14 litres of water, say 1 lb. of salt and 1 lb. of tobacco juice 
in 5 — 6 gallons of water. 

Salt has been used to kill plant lice but is useless against Pliylloxcra. 

Schzoneum Jamqera, Hausm. (woolly aphis) — Krafl’t recommends 
the following emulsion, which yields a satisfactory result * Petrol 800 
cubic centimetres, salt water, 25 per cent., 200 cubic centimetres. 

As'pidiotus perniciosus, Comst. (the San Jose louse). — In California 
a mixture of lime, sulphur, and salt is employed against this insect, 
but this preparation has been abandoned in the Eastern States owing 
to certain failures, and better results got by the use of whale-oil soap- 
emulsions. 

Caustic Soda, (NaOH) — For a winter wash for fiiiit trees the British 
Ministry of Agriculture recommends 2 lb. of powdered caustic soda in 
10 gallons of water. The soda, of 98 per cent, purity, is dissolved 
first in a little water and then diluted to the proper strength. The 
face and hands should be protected during use. AnotluT winter wash 
(1 per cent, solution) which, according to the Britisli Ministry of Agri- 
culture, has proved useful in preventing severe attacks of withor-tip 
and brown rot (Momlia cinerea) in plums and cherries is made from : 
caustic soda, 1 lb., soft soap, 1 lb., water, 10 gallons. 

Nitrate of Soda, NaNOa — Occurrence. — Nitrate of soda or Cliih 
saltpetre forms thick beds, which extend on tlie suifaco of the soil 
under a thin bed of clay. 

Properties. — The crystals of nitrate of soda are anhydrous, per- 
manent in dry air, but deliquescent m moist air. They arc much more 
soluble in hot water than in cold water , 100 grammes of wat(‘r dissolve 
80 grammes of nitrate at 10° C. and 217 grammes at 119° 0 

Action on Plants. — Nitrate of soda is a plant food, but lik(» most 
salts in strong solution, it is injurious to certain jilants. Steglich 
submitted the most diverse plants to a 30 p(‘r cent solution and to 
one of 15 per cent, with the following results : — 


Table XVII — Showing the Effect of a 30 fei cent Solution A and of a 15 pr 
cent Solution B of Nihate of Soda on JJifferent Plants, 


Plants. 

A. 

B 

Plants 

A 


Gram 

Fleeting 5-7 days 

Nil 

Charlock , 

Vciy sensitive 

Very sen si live 

Beets . 

Nil 


Sorrel 

Nil 

* Nil 

Potatoes 

Deadly 

Deadly 

Knot grass 



Trefoil 

Slight 

Nil 

Horsetail 



Lupin 

Deadly 

Deadly 

Peas. 


! ” 

Flax . 

»> 

»> 

Mustard 

Deadly 

Deadly 


The property of nitrate of soda of killing certain plants without killing 
others has been utilized in farming to free fi(*lds invaded by certain 
adventitious plants, Duserre recommends the use of a 20 p(*r cent, 
solution to destroy mustard in cornfields. It is pref(‘ra})le not to use 
nitrate of soda alone, but mixed with a little blue vitriol. The young 
mustard dies after watering with a solution containing 10 per cent, of 
nitrate of soda and 2 per cent, of blue vitriol. Older mustard requires 



SODIUM OTTEATE— SODIUM AESENITE 


115 


a solution containing 3 per cent, of blue vitriol and up to 20 per cent, 
of nitrate of soda, 10 hectolitres (22 gallons) of this solution are 
required per hectare (2J acres). The use of nitrate of soda has, in 
this case, the advantage of serving as a manure to the grain crops, 
and by stimulating their growth renders them more apt to struggle 
against parasites. However, Nijpels believes that nitrate of soda, as 
the sole manure, encourages the development of the rust of cereals 

Action on Fungi. — Nitrate of soda should, logically, act like nitrate 
of potash on the spores of fungi. The latter salt has been studied in a 
very complete manner by "Wnthrich. 

Action on Insects. — Smith legaids a 4 per cent solution of nitrate 
of soda as a good insecticide. Concentrated solutions of nitrate of 
soda spread on the land are injurious, according to Miss Ornierod, to 
the larvae of the TijpnJa , according to Taschenberg, to the larvai of the 
Elatendes , and according to Weiss, to Nematodes^ and particularly to 
the Tylenchus devastatnx, Kuhn (eelworms of wheat), which cause the 
disease known as the Ntel du Froment. 

Arsenite of Soda, ]Sra 2 HAs 03 — Preparation. — By boiling 1 part of 
arsenious acid with 2 parts of soda asL 

Properties. — Arsenite of soda is much more soluble in water than 
white arsenic and consequently much more poisonous to plants. In 
the composition of arsenical bouillies its formation must be guarded 
against, or its effects neutralized by the addition of lime. 

Use. — The soluble arsenites, such as the salts of potassium, ammon- 
ium, as well as the soda salt, have been serviceable owing to their 
great solubility and their immediate action on insects and injurious 
animals But this use is, perforce, limited, and it can only be used 
to poison preparations to be eaten by insects and rodents. 

Note hy Tmndator, re A^semfe of Soda — This substance is made a 
speciality of by at least one firm in Great Britain who sell it m a more 
or less concentrated state of solution. Several accidents have occurred 
from the solution having been drunk inadvertently, and some deaths 
occurred through leakage of a cask on to sugar casks during transit. 
To prevent such occurrence and render them more difficult the pro- 
tective coloration of arsenical weed-killers is recommended While 
the revision of this work was in progress the Eailway Clearing House 
was informed that the Council of the Pharmaceutical Society had 
directed further investigations to be made with regard to the possi- 
bilities of potassium bichromate as a colouring agent for liquid weed- 
killers. The Eailway Clearing House wrote forwarding a copy of a 
communication which had been sent to manufacturers of liquid arsenical 
weed-killers, etc. This stated that, as the result of further experi- 
ments which had been made by the railway companies’ chemists with 
respect to the colouring of liquid arsenical weed-killers, it had been 
found that of the dyes tested the one most generally satisfactory was 
disulphine blue V, obtainable from the British Dyestuffs Corporation, 
Ltd. The matter had been independently the subject of investigation 
by the Pharmaceutical Society, and it would appear that of the dyes 
tried by them the same dye proved to be the best. The proportion 
in which the dye was added was 1 oz. to 10 gallons The railway 
companies thought the manufacturers would be interested to know 
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this, and added : “ If you find any blue dye winch shows improvement 
in peimancnce and quality over disulphinc blue V, the companies 
would esteem it a favour if you would be good enough to call their 
attention to it.” 

A mixture of molasses and sodium arsenite for poisoning the olive 
fly {Dacus olece)^ recommended by Prof. A. Berlese, has a content 
of over 90 per cent, of molasses of consistency 1-41, in the proportion 
of 40—45 of sugar to 2-5 of sodium arsenite. The mixture only requires 
dilution with 9 parts of water, and about 10 oz. of spray is required 
per tree for one application Against grasshoppers in Wisconsin the 
following arsenical bait had advantages . 100 lb sawdust, 1 U S qt 
sodium arsenite, 5 lb salt, 1 U S. gal black strap molasses, and 10 
U S gals water, the quantity per acre being 10 lb 

Preparations to Kill Locusts. — In the Biitisli Colonies tliey prevent 
the migration of locusts by placing in their way hunches of fodder, 
herbs, or maize stems, steeped in a solution containing per h(‘ctolit,re 
60 grammes of arsenious acid, 60 grammes of caustic socla, and 10 kilo- 
grammes of white sugar or molasses [or 60 oz (wt.) of arsenious acid, 
60 oz. of caustic soda by weight, and 1000 oz of sugar (wt.) in 100,000 
fluid ounces of water] Drying is prevented by covering the bait with 
a hoard or a stone. This bait may be used for other insects 

A leaflet issued by the Ehodesian Department of Agriculture con- 
cerning the destruction of locusts by means of sodium arsenite sprays, 
recommends, for young hoppers (within two weeks of liatching), oz. 
(by weight) of dry sodium arsenite or 3 fluid oz. of conccuitrated solu- 
tion to 4 gallons. For older hoppers the strength may be slightly 
increased but should never exceed 4-| oz. by weight or 4 fluid oz to 
4 gallons The dry sodium arsenite should bo dissolved by lieating 
in a little water over a Are, and then tlie rest of the water should be 
added. For extensive operations 11 lb of the dry sodium arsemto 
can be boiled m 1 gallon of water and 3 fluid oz. of tins solution used 
in 4 gallons of water for spraying When dry sodium arsenite is used, 
care should be taken that it has entirely dissolved m tin* vessel ])eforo 
use. In Russia poisoned baits (40 lb. of bran or sawdust, 5 lb. 
of sodium arsenate, 4 gallons of water) have been trh^d, with oxc(‘ll(‘ni 
results, 

Russian experiments for the control of locusts showed that flnedy- 
powdered sodium arsenate applied to rye at the rate of one part by 
weight to 20 parts of chalk does not in 3 uro the plants. The locusts 
would only feed on the treated plants during the first twenty-four 
hours, after which symptoms of poisoning were evident. By the fifth 
day, 96 per cent were dead, and none survived longer than the sixth 
day. In a popular bulletin on grasshoppers, the recommendations for 
control arc poisoned baits consisting of 40 lb sawdust or dry horse 
dung, lb. sodium arsenate or Pans green, and 3 gals, hot watiT. 

Arsenite of Soda as a Weed-killer, — ^A first-class wced-killer could 
be made by dissolving arsenite of soda so that the diluted liquid would 
contain 1 oz. arsenite of soda per gallon : down to half that amount, 
however, could be used. These limits are represented by 8 lb. of 
arsenite of soda 80 per cent. down, to 4 lb. in the concentrate. 

Borate of Soda, Na 2 B 407 . — Borax occurs naturally in the lakes of 
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Asia and Italy, from whicli it is extracted by evaporation and 
crystallization. 

Preparation. — By gradually adding 100 lb. of Tuscan boric acid 
to 125 lb. of soda crystals dissolved in 20 gallons of water and then 
beating by steam. The mixture is concentrated to 30° Be., and cooled 
slowly; crystals of borax form at the bottom of the receiver. The 
double borate of soda and lime, or boronatrocalcite, is widely distributed 
in America ; it is now used to manufacture a large amount of borax, 
obtained by boiling this product with carbonate of soda. 

Properties. — Borax is freely soluble in water. One hundred lb. of 
borax dissolve in 120 gallons of cold water and the same amount in 20 
gallons of boiling water. Its solutions react alkaline. Borax is used in 
medicine as an antiseptic, especially in throat and mucous affections. 
It is used to preserve meat and putrescible hquors. Werncke found 
it more active from that point of view than boric acid. Its antiseptic 
and bactericidal capacity is, however, very weak. Kuhn found that 
it only acted in 2 per cent, solution. Schwartz, however, found that 
the bacteria of the infusion of tobacco were exceptional, and that a 
0*5 per cent, solution had already a certain effect on these microbes. 
Weiickiewicz found that it had no action on Penicilhum glaucum until 
its solution reached 1 4 per cent. Borax exerts a poisonous action on 
plants. By watering haricots with a very dilute solution of borax 
Peligot first induced chlorosis, then death. 

Use. — Borax has been recommended in 5 per cent, solution in 
America against the Petonospom viticola, de By (mildew of the vine). 
At that strength it can check the disease, but its use is not without 
drawback, for it burns the leaves of the vines treated. Care should 
be taken to wash these a few hours after treatment. Muhlberg found 
borax solutions did not kill the Schzonema lamgera, Hausm., against 
which it had been recommended. If the manure is not wanted for 
field or garden work, borax may be used for destroying the larvae of 
house-flies in manure-heaps. Applied in the proportion of 62 lb. per 
10 gallons of water for every 8 bushels of manure, borax solution will 
be quite as effective as the hellebore solution, and will be much cheaper. 
A daily sprinkling of the refuse heaps and of stable, cowshed, or out- 
house floors with one of the solutions is recommended. 

Carbonate of Soda, NagCOg — Preparation.— By the Solvay process 
principally. A concentrated solution of common salt is first saturated 
with ammonia, then a prolonged current of carbonic acid is passed 
through; bicarbonate of ammonia is produced, which acts on the 
common salt to convert it into carbonate of soda. The precipitate is 
filtered, drained, and calcined. The Leblanc process is almost super- 
seded, but the ammonia-soda process is making way. 

Properties. — Carbonate of soda crystallizes in prisms , the crystals 
lose their water of crystallization at the ordinary temperature. Heated, 
they melt in their water of crystallization, dry, and form calcined 
carbonate of soda (soda ash) which is an amorphous white powder 
containing no water. Soda crystals are much more soluble m hot 
water than in cold : the maximum solubility is at 38° C. ; 1 gallon of 
water dissolves 6*04 lb at 14° C., 166 6 lb. at 38° C., and 44 5 lb* at 
104° C. Carbonate of soda in solution has a strong alkaline reaction. 
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Action of Carbonate of Soda on Plants. — Around alkali works the 
presence of this salt, carried by the wind, docs much damage. Eventu- 
ally the carbonate of soda, covering the leaves witli a white layer, more 
or less thick, causes them to drop off, and kills the trees themselves. 
Eye suffers much from contact therewith, the ears are almost empty, 
and the few grains which they contain are shrivelled and blackish. 
When plants have been in contact with carbonate of soda the analysis 
of the ash reveals a quantity of soda superior to the normal quantity. 
The straw of cereals is more brittle, and contains less silica. Carbonate 
of soda acts like carbonate of potash; when it is a case of nGutrali^:ing 
the acidity of certain marshy lands carbonate of soda may play the 
part of lime, and the nitric ferments, which cannot act except in slight 
alkaline media, may thereby modify the flora of the flohl. In such 
conditions carbonate of soda, in small doses, may exert a favourable 
influence on vegetation. 

Action on Fungi. — Wuthrich treated the spoi'os of diff(u*ont fungi 
with sodium carbonate with the following results : A solution ol 0-053 
per cent, prevents the conidia of the Phyto'plitho) (t de By, 

from producing zoospores, but it does not injure their direct germina- 
tion ; life IS only arrested by immersing the conidia in a 0 53 per c‘ent. 
solution. As to the conidia of the Peronosfom vtlicola, de J^y , 
Wuthrich found sodium carbonate more cn(‘rg(5tio, a 0-053 {)(‘r cent, 
solution hindered the growth of the spores, and a solution ol 0 53 j)or 
cent, stopped it entirely. The uredospores of Pucci nia cjiamum, 
Pers., show, more than any other spores, a groat resistanc(‘ to carbonate 
of soda solutions, but germination is hindered by 0*53 per cent solution 
and stopped entirely by immersion in a 2*65 per cent soJution. 

Action on Insects. — All soft-skinned insects are sensitive to strongly 
alkaline substances, but these substances in themselves aro not very 
powerful insecticides, they are, therefore, combined with toxic 
substances. 

Use. — Carbonate of soda enters into the comjiosition of e(*rtain 
copper bouillies, but it has no other function than to d(‘coin])ose tlie 
blue vitriol into carbonate of copper and sulphate of soda. An (*xcess 
of carbonate of soda must be avoided in the preparation of Burgundy 
or cuprosodic bouillies, because these evaporating on the Ie‘av(‘s may 
give rise to the same bad effects as carbonate of soda and cause the 
leaves to drop — Black Sj)ot on Roses . — U S. J.iO(lg(i Htat(^s that 
sodium carbonate meets the five requirements winch ar<i n(iC(*ssary 
in the spray to control Black )Spot : “ Killing offoct on tiui spores of 
the various fungi, non-poisonous character, clieapness, ease of making 
up, and lack of any tendency to damage either flowc^r or foliage. The 
common form is a crystalline salt containing a larger pcncMuitage of 
water crystallization ; m the dry form this excess water is removed. 
Upon standing for a time, the crystalline salt has a tendency to con- 
vert a portion of itself into bicarbonate of soda. The prop(‘r strength 
of the solution used is important. Too strong a solution will crystallize 
upon the fohage and eventually destroy a portion of it, too weak will 
not have the desired effect. If the crystalline salt is used, the projicr 
proportion is approximately l\ oz. to the gallon of water. If the 
dry salt is used, then | oz. to the gallon of water should bo used. The 



SODIUM CYANIDE— HYDEOCYANIC ACID 


119 


chemical should be dissolved in a small quantity of very hot water, 
and then the balance of the water added. It will be found advisable 
to add whale-oil soap, for this solution will not ‘ stick ’ to foliage or 
stems. Sufficient force should be used in spraying to force the solution 
through the bushes, so that leaves and stems are well covered on top 
and underneath. The plants should be sprayed twice a week with 
clear water to wash off the foliage, and the washing should be followed 
within six hours by the above spray. Three days is about as long as 
the sodium carbonate will remain active enough to perform its purpose. 
In that time a certain proportion of the chemical is taken up by the 
leaves in the form of carbonic acid gas and used as food.*' 

Sodium Cyanide. — The British Ministry of Agriculture recommends 
that an article sold as sodium cyanide for agricultural and horti- 
cultural purposes should be capable of evolving (when treated with 
an acid) not less than 54 per cent of its weight of hydrocyanic acid. 

The procedure to be followed in the fumigation of foreign cotton 
as a preventive against Peettnophora gossyptella is given in an order of 
the U.S. Federal Horticultural Board. The rate is 6 oz. of sodium 
cyanide per 100 cubic feet. The cotton to be fumigated is placed in 
the fumigating chambers, the doors to these chambers are closed, and 
the air is exhausted until the vacuum gauge registers 25 inches. At 
this stage the gas is generated in a retort connected with the large 
chamber. The valve of the connecting pipe is opened; after the 
expiration of 15 minutes air is allowed to pass through the generator 
for 5 minutes for the purpose of removing any gas which may be 
present. The air valve on the fumigating chamber is then opened 
and the air allowed to rush in until the gauge registers 5 inches. The 
cotton then remains in the chamber for 1 hour and 40 minutes, making 
the total process of fumigation 2 hours After the completion of 
the exposure, to remove the gas the pumps are run again and a vacuum 
of 25 inches is established. At this stage the valves are opened and the 
pumps kept running for some time to complete the washing out of 
the gas from the bales. The pumps are then stopped and the doors 
of the chamber opened so that the cotton can be removed and another 
lot put in. The results of tests indicate that such fumigation of 
cotton did not cause any deterioration of the cotton, either as to 
percentage of waste, spinning qualities, tensile strength, or bleaching, 
dyeing, or mercerizing properties of the cotton. 

The action of sulphuric acid on sodium cyanide is identical with its 
action on the potassium salt (see below. Chap VII), and is as follows . — 

2NaCN H- H 2 SO 4 = Na 2 S 04 + 2HCN. 

According to this reaction, 1 oz (avoirdupois) of sodium cyanide 
requires 1 oz. (avoirdupois) of sulphuric acid, H 2 SO 4 , or 1*07 oz. of 
commercial sulphuric acid containing 93 per cent, of sulphuric acid, 
which is equivalent to 0 56 fluid oz. To get the best yield of gas the 
sulphuric acid must be in considerable excess, when the reaction 
would be : — 

NaCN + H 2 SO 4 = NaHS 04 + HCN, 
or for each ounce of sodium cyanide there would be required 2*14 oz 
(avoirdupois) of 93 per cent sulphuric acid, equivalent to 1*12 fluid oz. 
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Sodium Fluorsilicate. — Sodium fluoride has been ])roved efficient 
m the USA. for killing roaches and chicken lice, but cannot bo used 
on plants because of its scorching eflect, due to solubility As a result, 
the use of sodium fluorsilicate has been tried with successful results 
m connection with plants Field trials were made with a dusting 
powder of hydrated lime nine parts and the fluorsilicate one part by 
volume, and was found effective for the destruction of the Mexican 
bean beetle, the Colorado potato beetle, the potato flea beetle, the 
bean leaf beetle, and the tobacco hornworm. Under laboratory condi- 
tions, its use was also eflicient for the cotton boll weevil. At the Depart- 
ment of Insecticides and Fungicides Rothanisted Experimental Station, 
Harpenden, shoots of hazel were sprayed with very fine suspensions 
of sodium and potassium silicofluorides in water, allowed to dry, and 
transferred to lamp glasses fitted with a cork at the lower end through 
which the stalk dipped into water, the open top of the vessel being 
covered with muslin. Ten larvae of Selema tet)alwiaua, Hufn , were 
then placed on each twig and observed from day to day. The state of 
affairs after four days was as follows . — 
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The toxicity was slightly (probably not significantly) less when 1 per 
cent, of saponin was added to the spray fluid. The foliage was uninjured 
by the treatment. 
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POTASSIUM HYDROXIDE (CAUSTIC POTASH) — POTASSIUM SULPHIDES 
(liver OF sulphur) — POTASSIUM CHLORIDE (MURIATE OP POTASH) — 
POTASSIUM NITRATE — POTASSIUM SULPHOCARBONATE — POTASSIUM 
XANTHOCENATE — POTASSIUM CYANIDE (PRUSSIC ACID) — POTASSIUM 
SULPHOCYANIDE. 

Caustic Potash, KHO — Preparation. — By decomposing carbonate 
of potash m solution m water by lime a precipitate of carbonate of 
lime is formed, and potassium hydroxide enters into solution : — 

RgCOg + Ca(OH)2 = 2K0H + CaCOg 

Potassium Calcium Potassium Calcium 
carbonate hydroxide h^^droxide carbonate 

Properties. — Caustic potash is a white deliquescent solid, exposed 
to moist air it absorbs water and carbonic acid. Potash, even in dilute 
solution, is a strong caustic which softens and gradually dissolves the 
skin , it traverses and perforates the mucous membranes , it is a strong 
poison, which should be handled carefully. It is used m surgery as a 
cautery. [Antidote, vinegar ] 

Use.' — Potash solutions have been used in America against different 
plant lice, which, owing to the chitinous protections covering them, 
greatly resist insecticides The caustic nature of potash gives access 
to the insect by removing these obstacles. (See above re Caustic Soda ) 

Potassium Sulphides, ^2^5 — Preparation. — Potassium 

nionosulphide is prepared by heating carbon and potassium sulphate; 
or from caustic potash, by saturating a 30 per cent, solution with 
hydrogen sulphide, when potassium hydrogen sulphide and water are 
formed : — 

KOH + H^S = KHS + H2O. 

The same amount of 30 per cent, caustic potash is afterwards added, 
which reduces the hydrosulphide to the monosulphide : — 

KHS + KOH = KgS + H2O. 

To obtain the polysulphides it suffices to heat the monosulphidc with 
1, 2, 3, or 4 atoms of sulphur. 

Liver of Sulphur is a mixture of polysulphides, hut it contains 
especially the pentasulphide of potassium. It is preferably obtained 
by heating to redness in a crucible equal parts of sulphur and carbonate 
of potash. By the action of heat the carbonic acid is disengaged and 
the sulphur combines with the potassium. When the disengagement 
of carbonic acid is finished, the hquid is run on to an iron plate where it 
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solidifies immediately; it is then broken up and preserved out of 
contact with air. It forms a reddisb-brown solid which smells of rotten 
eggs. 

Formula of the British Ministry of Agriculture . — 

(a) Potassium Sulphide (Liver of Sulphur) Wash. (Original 

formula.) 

Potassium sulphide 5 oz. 

Soft soap I lb 

Water 10 gall. 

In preparation the soap and potassium sulphide are dissolved in the 
water. 

(b) Potassium Sulphide (Liver of Sulphur) Wash. (Lloyd’s 

formula.) 


Potassium sulphide 

Flour 

Water 


1 oz. 
11 oz. 

2 gall. 


“ Place 14 pints of water m a bucket and add 1 oz of liver of sulphur 
which will completely dissolve while the flour paste is being ])repared. 
Make oz. of ordinary wheat flour into a sinootli paste with a very 
little water. Add water to 2 pints till the mixture is as thin as milk and 
as free from lumps. Boil this until it froths up, stirring it all the time. 
Add it to the solution of liver of sulphur and mix thoroughly. Apply 
with a hand or knapsack sprayer and wet the plants all over. The flour 
paste must he used the day it is prepared, and any mixed spray remaining 
at night must be thrown away.” This wash is recommended for use 
against red spider ” on fruit trees. 

Properties. — The sulphides are very deliquescent and solubles m 
water in all proportions. They must be kept out of contact with air; 
carbonic acid in presence of moisture rapidly decomposes them into 
potassium carbonate and hydrogen sulphide. Solutions of tlie mono- 
sulphide are colourless, those of polysulpbides, on the other band, are 
yellow. Sulphides retain the alkaline properties of caustic potash, 
attenuated by sulphur. In medicine, sulphides arc used to treat skm 
diseases due to acarium. Plants do not stand spraying with sulphide 
solutions, these being generally used very dilute. The sulphuretted 
hydrogen given ofl by decomposition is poisonous to the plant in a 
0-75 per cent, dose, but it is only formed gradually, so that the amount 
in contact with the plant is not sufficient to cause any ill efbjct. Leaf 
burning is less frequent than with sublimed sulphur. 

Use. — Sulphides are used to combat . (1) Cryptocjamio diseases, 
cither by spraying the plants or by immersion to disinfect the seed 
against anthracogenic parasites. (2) To kill %n$?cis. To impart more 
adherence and a longer action, a soap and glycerine emulsion is used. 
Polysulphides of potassium are used in the same proportion as sulphur, 
for they decompose under the action of carbonic acid and air and 
organic acids into potash salts, hydrogen sulphide, and sulphur : — 

K2S5 + OO2 + H2O = K2CO3 + HgS + 4 S, 
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The siilplmr is precipitated in a fine state of division, and thus its 
anticryptogamic properties arc at a maximum. It can thus be said 
that the action of polysulphides is appreciably identical with that of 
sulphur, and especially of precipitated, impalpable sulphur if used in 
the same temperature conditions. In studying their application it 
will be seen that they have entered into current practice as substitutes 
for sulphur in killing numerous Eiysi'pliecB and to stop the development 
and extension of certain fungi by the destruction of their comdiophores. 
In sulphides the caustic action aids that of sulphur. Not only do 
sulphides have a decided action on fungi and their spores, but the 
potassium carbonate formed by their decomposition has a decided 
action on fungi, whose growth it prevents The growth of conidia of 
FJiytofhtliora and of Pewnosjpom is stopped by a 0*7 per cent, solution, 
their zoospores being no longer able to develop. The spores of Ustilago 
Caiio and of Clavicejgs fur^purea as well as the uredospores of Puccinea 
are more resistant than the former, for a 0*7 per cent, solution hardly 
hinders their gmwth, whilst a 3 5—7*5 per cent, solution stops it. 

As insecticides, sulphides act in virtue of their caustic properties, 
and the sulphuretted hydrogen given off by their decomposition, this 
gas being for insects almost as poisonous as prussic acid. It is, more- 
over, asserted in medicine that sulphides used in 5 — 20 per cent, solution 
in skin diseases, such as itch, act on the parasites by the sulphuretted 
hydrogen formed in contact with the orgamc acids of the transpiration 
and the carbonic acid of the air. 

Use against Bacteria. — Sulphides retard putrefaction and kill 
microbes (Amsler). It has been tried to utilize this property to treat 
plant diseases of bacterian origin, such as potato scab. The bacteria 
which causes this disease of the potato is found, according to Bolley, 
in the living tissues of the periphery of the tubers and never penetrates 
deeply; it is aerobic. Bolley has submitted tubers so attacked for 
twelve hours to the action of a 0 3 — 0*4 per cent solution of potassium 
sulphide before planting them. At that strength the causticity of the 
sulphide is not sufficient to injure the tubers. An appreciable effect was 
obtained, but the sulphide has not the radical effect of mercury 
bichloride. The results obtained by the sulphide are still defective — 
5 per cent of healthy tubers against 1 per cent in a blank field. 

Gum Disease of the Olive (Mai di Gomma of the Italians) — Swingle 
and Weber advise to combat this disease by potassium sulphide • 18 
kilogrammes (39*6 lb.) of potassium sulphide are dissolved in 15 litres 
(3-3 gallons) of water; to this paste 12 kilogrammes (26*4 lb ) of 98 per 
cent, caustic soda are added and energetically stirred. The mass 
heats, boils, and melts. As soon as boiling is over the bulk is made up 
to 100 litres (22 gallons) with water. The cankers and wounds formed 
by the disease are cleaned, diluted before use with an equal bulk of 
water; the roots, even sound ones, are stripped and watered with a 
solution of this sulphide in 10 parts of water. 

Use against Fungi.— Pickling of Seed-Corn. — Dilute solutions of 
potassium sulphide prevent the growth of fungi and their spores and 
may kill them if of a certain strength. The action of the sulphide is 
not the same on all spores, e g. it is almost ml on the spores of Phyto- 
phthora phaseoh, Taxter (Lima bean mildew). Hitchcock and Caiieton 
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remarked that a 1 per cent solution not only did not destroy the 
nredosporcs of Puccinia gmnnnis, Pers (black rust) and Pnccima 
coronata, Corda (coronated rust of oats), but rather accelerated their 
germination. By numerous experiments on rusts Galloway came to 
the same conclusion. The disinfection of grain in 0*75 per cent, 
solution made no diminution in the rust By spraying winter wheat 
no appreciable result was obtained unless spraying with a 0*5 per cent 
solution was repeated every ten days. Under sucli conditions he 
obtained 1 diseased plant against 24 m the blank plot. If twenty days’ 
interval occurred between the sprayings the rust did not diminish but 
the harvest was a little better. Kellermann and Swingle were the first 
to observe the sensitiveness of the spores of smut to sulphide, especially 
the loose smut of oats. Jensen tried if grain could not be disinfected 
by sulphide against smut. The results which he obtained were sur- 
prising, and he did not hesitate to advise it m place of steeping in hot 
water recommended by him some years previously. Numerous experi- 
ments show, however, that the sulphide is not capable of rendering 
better services than the Jensen hot-water treatment or that of Kuhn 
with blue vitriol or that by mercuric chloride. It generally gives very 
irregular and sometimes imperfect results, for example, against Bmut 
of Wheat (Rostrup). It has, however, a serious ajiphcation in the 
disinfection of oats, where it is superior to any other tri^atmcut in 
destroying the spores of Ushlago avence, Kost. (loose smut of oats). 
This treatment is practised in Denmark where it is highly estccmied. 
Steeping should last twenty-four hours in a 0 75 per cent, solution. 

Helminthosponum gramineum, Eriks, (black mould of cereals). — 
Kolpin Kavn found steeping grain in the sulphide is a good xirccaution 
against this disease. 

Spraying with Dilute Solutions. — The E^ysiphea?, tho myccdium of 
which is not protected by the tissue of the plant attacked, may be com- 
bated by potassium polysulphides. Owing to their decomposition 
the sulphur is deposited between the filaments spread on the surface 
of the organs attacked, and acts in a more certain manner than sulphur 
used against the same disease. In spite of their properties the sulphides 
of potassium are not used to combat the oidiuin. Gardeners use them 
against Microsphma grossularicB, Wallr. (gooseberry leaf-mildew) ; 
Sphwroiheca mors uvee, B. et C. (American gooseberry mildew), winch 
they cure radically. Close prefers a 0*3 per cent, solution of potassium 
sulphide to the fungicides, usually employed by sol, formol, and l>ouillic 
bordelaise. Gofi advises spraying with a 0*2 — 0*4 per cent, solution 
as soon as the leaves appear, and to renew it after each heavy ram until 
the plants are completely in leaf, and from time to time in summer. 
He obtained the following results : The fruit garden chock plots showed 
11*3 per cent, diseased plants, after 0*2 per cent, treatment 7 per cent., 
and after 0*4 per cent. 1*7 per cent, of diseased plants. 

Sphcerotheca pannosa, Lev. (rose and peach mildew). — This fungus 
may be combated efficaciously by potassium sulphide. Vesque recom- 
mends spraying with 1 per cent, solutions, Mohr 2 per cent, liver of 
sulphur, to which he adds 2 per cent, of glycerine to render it more 
active and adherent, A concentrated bouillie is prepared by dissolving 
200 grammes of liver of sulphur and 200 grammes of glycerine in a litre 
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of water (say 2 lb. of each in a gallon of water) and the solution kept out 
of contact with air until required for use, when it is diluted with ten 
times its bulk of water. 

SphcBwtheca Gastagnei (hop mildew) — Salmon recommends OH 
per cent solutions, Selby 0*2 per cent, solutions 

Amongst the fungi living in the interior of plants which cannot be 
reached, a certain number may be combated by destroying the conidio- 
spores which contribute to their rapid propagation. These are : — 

Alternana hrassicce f mgiescens^^ Peglion (scorching of the leaves 
of the melon). — Sturgis used potassium sulphide with much success. 

Sj)licerellafmgance, Sacc (spotting of the leaves of the strawberry). — 
Potassium sulphide has been used successfully in America by Buffum 
and Arthur against this parasite of the strawberry to prevent its too 
great extension. 

Guignaidia Bidwelli, Viala et Eavaz (black rot) — Galloway 
obtained satisfactory results with 0 1 per cent solutions of liver of 
sulphur • blank vines 65 64 per cent of sound grapes ; vines sprayed 
SIX times, 75-17 per cent, of sound grapes. This treatment cannot 
compete with that of copper salts, because notwithstanding its less 
efficacy it is not quite harmless to the vine leaves. 

Septona Pi^icola, Desm. (spotting of the leaves of the pear). — 
Duggar used potassium sulphide with success, but found it less efficient 
than bouilhe bordelaise. 

Oladosjponum fulvum, Cooke (tomato disease). — The mycelium, 
which extends between the cells of the parenchyma, cannot be reached, 
but the conidiophores may be destroyed Liver of sulphur acts better 
than sulphur in this instance (Mohr) 

Gloeosponum fnU'igenum,^ Berk, (bitter or tardy rot of fruit). — To 
prevent this, Galloway and Nijpels spray the apples before maturity, 
in August, with a 0-4 per cent, solution, 

Fusiclodium dentt iticmn,^ Puckel (apple scab), Fiisicladiuni pir?*- 
mtm, Puckel (spots of the pear) — Go:ff found that on apple-trees 
frequently sprayed with 4 per cent, solutions of liver of sulphur from 
the birth of the leaves, and renewed after each heavy rain, the amount 
of diseased apples is appreciably diminished. 

Use against Insects. — Potassium sulphide may be used as a caustic 
against delicate insects. It also destroys the tissues protecting grubs. 

^ Alterxaria br vsstc.^ f NiGiiESCENS Rodstiiuj {Grilling) of the leaves of the* 
melon. — In the months of August and Soi)tembei when great heats are followed by 
rains the leaves of the melon are seen to dry up and brown The fungus develops 
lapidly on the leaves with small yellow^ spots ; as they get laiger these spots end 
in big maroon spots whioh cover the whole leaf 

2 Glceosporium frtttigenum (bitter lot of the apple) — This disease, jire valent 
in America and in England, is characterized by brown spots which are pioduced 
on the green apples and are covered by black dots, the pycnides of the fungus 

3 Eustcladium pirinum (pear scab, pear holes) Fusicladiian dentriticum 
(apple scab, holes of the apple) — These two fungi are very analogous, and do the 
same damage, the one on the pear-tree, the other on the apple-tiee. The Fusi* 
cladium ph inmti attacks the leaves, branches, and fruits of the pear-tree Numei - 
ous dark spots appear on the leaves which become pulverulent and of a black 
olive-green. Fusidadium denfriticum produces black velvety olive-green-co vexed 
spots on the leaves of the apjjle-tree, on the fruits blown or dark spots, sometimes 
isolated, sometimes confluent. 
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Aoidides —Dubois observed the great sousitivenoss of grasshoppers 
(Lociista) and their eggs to potassium sulpljjdc These (^ggs touched 
by solutions of potassium sulphide do not iiatch. Wat<iring the soil 
with potassium monosulphide on the spot where the Acrididcs have 
laid their eggs may suffice to impede the invasions of the Acndium 
migratonum so formidable in Algeria. 

Enocampa adumhata^ Kl. (the pear-tree saw-fly) — Tasclionberg 
recommends powdered fresh liver of sulphur spread like sulphur on 
the trees. Solutions of the sulphide are used witli success against tlie 
caterpillar protected by a silky tissue which render them inaccessible 
to ordinary aqueous insecticides. Potassium sulphide by its caustic 
action softens and finally decomposes the tissues, and penetrates to the 
caterpillar which then dies owing to the sulphuretted hydrogen 
disengaged. 

CocJiyUs amhignella, Hubn. (cochylis of the vino) — Schniidt-Achert 
recommends as very efficacious against this caterpillar a 2 — 5 per cent, 
solution of liver of sulphur sprayed on the flowers and on the grapes; 
Schafer, on the other hand, did not obtain good results by this treatment. 

Hyponomeuta MahneUa, Zell (hyponomeute of the ajiple-tree).— 
Each found a bouillie made with 1200 grammes of soft soap and 200 
grammes of liver of sulphur m 100 litres of water (say 12 lb , and 2 lb 
in 100 gallons of water). This houillie can be used with success against 
all caterpillars that live in company in a spun refuge. 

Twgis Pm, FI (Tigre du Poirier) — ^Montillot recommends two or 
three coats with the brush in winter, at intervals of a fortnight, on the 
branches and trunks of pear-trees with a preparation made tlius : 2 lb 
of potassium monosulphide is dissolved in the requisite amount of water ; 
it is withdrawn from the fire and 2 lb. of flowers of sulphur gradually 
added. 

Plant-lice . — Moss recommends a mixture of soap and liver of sulphur 
against lice in general Thumen regards 2\ per cent, solutions of 
potassium sulphide as good. The phylloxera is absolutely r(‘f factory 
to the action of potassium monosulphide. 

Phytoptides — The acaii, which by irritation of the tissues of the 
plant produce degeneration of the latter, become manifest by felt-like 
growths known as ermoses or by peculiar sw(*llings of briglit-coloured 
tints as is seen on the pear when it has the Oloque (brown rust), may 
be destroyed by the sulphides. Emulsions containing 3 — 4 per cent, 
of sulphur must be used at the moment when the acari liave not yet 
produced the excrescences which protect them so efficaciously. Smith 
and Williamson advise to treat chiefly the Enophjes Pirl, J^gst., Phy- 
toptus Pin, by two sprayings, one before the opening of tlui buds, and 
the second after collecting the fruit, or even spraying with a concen- 
trated emulsion in winter followed by a weaker one after plants liave 
come into leaf. 

Potassium Chloride (Muriate of Potash), KOI, Potassium Sulphate, 
K2SO4. — Natural Occurrence. — Potassium chloride is found (500 
grammes per cubic metre) in sea-water. Potassium chloride and 
sulphate of potash form vast underground deposits at fStassfurth in 
Prussia and at Kalusy m Galicia. In these mines the different salt 
beds have a different composition. Below vast deposits of rock salt 
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deposits ricli in sulphate of potash are found under the form of tiiple 
sulphate of lime, magnesia and potash (Polyhahte), then sulphate of 
magnesia and potash (Kaimte), and finally double chlorides such as 
Carnalhte. Carnalhte, for example, contains 16 per cent, of potassium 
chloride, 20 per cent of magnesium chloride, 25 per cent, of sodium 
chloride, 10 per cent, of magnesium sulphate, and 29 per cent of 
impurities. Eor agricultural purposes these salts are generally used in 
the impure state as brought from the mine. If it be desired to purify 
them and to obtain pure potassium chloride, the saline mass is pulverized 
and dissolved in large cast-iron steam-heated vessels. The solution 
is allowed to deposit, then decanted, and left to crystallize ; the potass- 
ium chloride crystallizes, entraining with it a little magnesium and 
sodium chlorides which are removed by washing with cold water. If 
potassium chloride be treated with sulphuric acid, which is done com- 
mercially in cast-iron vessels, hydrochloric acid is given off and potass- 
ium sulphate formed. 

Properties. — Potassium chloride is very soluble in pure water 
320 grammes dissolve in 1 litre of water at 10° C., 570 grammes in 1 
litre at 100° C. Potassium sulphate is less soluble, a litre of pure water 
dissolves 84 grammes at 0° C. and 260 grammes at 100° C. 

Action on Plants. — ^Potash is a necessary plant food. In soils 
where potash is quite absent plants languish and finally die before 
maturing their seed. Such soils are rare. They are such as contain 
a large proportion of limestone, peat, or sand. Potash may be given 
to the plant as potassium chloride as well as the sulphate or nitrate. 
The crude salt from the mines is generally used for the purpose. If 
soil be dissolved by aid of sulphuric and hydrofluoric acids, and if the 
potash which it contains be isolated, enormous amounts are found per 
hectare. The German agronomists calculate this amount at 30 — 40 
tons per hectare (12 — 16 tons per acre) Berthelot found 35 tons at 
Meudon (14 tons per acre) and Deherain 32 tons at Grignon (12 8 tons 
per acre). This potassic mass is not in a state of soluble chemical 
combination, but it may be dissolved by the acid ]uices of the roots 
which it appropriates in sufidcient amount. When potassic manures 
arc added to soils of this nature, and they form the great majority, no 
benefit accrues to the plant, and the spots where they are applied cannot 
be recognized, no increased yield bemg obtained. Potassium manures 
are only useful as a supplementary material when the soil does not 
contain it in any form. Then its influence makes itself felt especially 
when the crop is sustained by other chemical manures such as sulphate 
of ammonia, nitrate of soda, and superphosphate. Farmyard dung, 
which contains 5 kilogrammes (11 lb.) of potash per ton, suffices with 
the (potash) salts contained in the soil to meet the requirements of 
agriculture. The belief in the great efficacy of potash salts in all soils, 
established by Liebig, has not been confirmed in practice. An excess 
of potash salt may, on the contrary, be injurious to certain plants. 
Heinrich was the first to observe the injurious effects of certain salts, 
such as potassium chloride and magnesium chloride, nitrate of soda and 
sulphate of ammonia on adventitious plants. Steglich has specially 
studied the action of potassium chloride on farm crops with the following 
results : — 
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Table XVlll— Showing the Action of a 30 pei cent Solution and a 15 per cent 
Solution of Potassium Chlonde {Miniate of Potash) on Farm C?ops 


Crop. 

30 per 
cent 
solution 

15 per cent 
solution 

Ciop. 

30 per coat 
solution 

15 per 
cent 
solution 

Grain. 

Injurious 

fleetino 

Disappears 
in 5-8 (lays 

Lupin , 

Piax 

Deadly 

>> 

Deadly 

Beets 

Nil 

Nil 

Mustard 


,, 

Potatoes 

Deadly 

Deadly 

Charlock 

Veiy injurious 

Nil 

Peas 

99 

Slight 

fSorrel . 

9f 

Slight 

Haricots . 


>» 

Polygonium 

Deadly 

Nil 

Trefoil 

Nil 

Nil 

Horse-tail 

Injiinous 



On the other hand, a 6 per cent solution of kainito has no injurious 
effect on the most tender part of the plant. 

Use. — As Pickle for Seed-Corn Smut. — G. Arieti tried to disinfect 
seed-corn against smut by steeping it for twenty-four hours in a 0-5 
per cent, solution At that strength potassium sulphate has no 
injurious action on the germination of the gram, but neither is its action 
on the spores very pronounced. A 2 per cent, solution renders the 
spores of T%lletia (bunt) inactive, but the seed already suffers G. Ville, 
having observed that a want of potash in the soil seems to favour the 
development of the PhytopMiora infestans, de By (potato disease), 
recommended the use of potassic manures to combat it in a jin^ventive 
manner. Care must be taken, however, not to use larg(‘r (juantities 
than 600 kilogrammes per hectare, say 528 lb. per acre, at tliat dose 
potash salts diminish the yield in starch. These salts are also emjiloyed 
againat phanerogamic parasites, such as dodder. 

Cuscuta ejpzthy7nu7n, Murray (dodder of trefoil and lucerne) — Their 
sensitiveness to metallic salts is very great, and these parasites may be 
easily destroyed by watering the fields with such solutions. In the 
same way as the sulphates of iron and copper, green and Idue vitriols, 
which give good results, the sulphate of potasli may also b(^ used. 
Vesque recommends to dust with this product in a heavy morning (l(‘w 
the plots invaded by dodder. Next morning, after this treatnumt, the 
fields of trefoil and lucerne present a lamentable appearanc(j ; all the 
plants are brown and look as if burned, but the effect of sulphate of 
potash on Legmmnosce is only fleeting, and in eight days tlu*se plants 
have resumed their vitality, whilst the dodder is destroyed to sucli an 
extent that it does not reappear the following year. The dose to use 
IS from 200 — 250 grammes per square metre, say 7 — 8 oz per square yard 

Eqmsetmn ^ arvense, L. (meadow horse-tail). — This plant, which 
contains aconite, is injurious to cattle. Tacke advises, to fre(i crops 
infested with it, to water them with a concentrated solution of potassium 
sulphate; the graminese can resist this treatment, whilst the. horse-tails 
die. 

Heterodera Schachtii^ Schm. (nematode of the beet). — As a sequel 
to Liebig’s researches, concluding that potash is a necessary food of 
this plant, it was observed that potash salts used in beet growing, up 
to a certain dose, remedied the exhaustion of the soil. The general 



POTASSIUM CHLORIDE-POTASSIUM NITRATE 129 


opinion was that such salts acted by their nutritive properties and 
replaced the potash removed by the beet But after it was found that 
the exhaustion of the land by this crop was due in great part to an 
excessive growth of small worms, nematodes, Hollrung tried the action 
of potash salts on their larvae He remarked that the latter, more 
sensitive than the adults, died in forty-eight hours in a 1 per cent, 
solution of potassium chloride and in three hours in a 5 per cent solution. 
Potassium sulphate is less active in a 1 per cent solution as it takes 
ninety-six hours’ immersion to destroy the larvae, and has the same 
toxicity as potassium chloiide in a 5 per cent, dose To succeed, the 
dose used must be considerable, instead of using pure sulphate, the 
double salts from the mines, kamite or carnallite, are used, but these are 
less active than the pure salts Hollrung has observed that in big doses 
these salts are unfavourable to the formation of sugar in the beet. 
There are no great advantages in using potassium chloride or sulphate 
in heavy doses to remedy the exhaustion of the land, for the eftect is 
somewhat illusory. This practice has moreover been abandoned since, 
as tlie outcome of Aime Gerard’s researches, arable land may be 
sterilized by large doses of carbon disulphide. 

Ayiiotes lineatus, L (striped wire-worm). — Comstock and Slinger- 
land ascribe insecticide properties to potassium sulphate against the 
adults Smith regards a 12 per cent, solution of kamite as an excellent 
insecticide. But Marlatt, who used big doses of kamite, against wire- 
worm (Elaterides, click beetles), got no appreciable result. Mineral 
manures such as potash salts injure certain parasitic larvse, e g. . — 

Lachiosterna fuBca, Etohl (May beetle); Lachiosterna arcuata}-^, 
Chittenden found kamite very active. Possibly the larvae of the 
Elaterides which are very mobile flee from soils which have been treated 
with big doses of potash manures. Opinions are too contradictory to 
admit that potash salts kill them, 

Agrotis segetum, W V. (common dart moth) — The grey worm, 
the caterpillar of this butterfly, is driven off or destroyed by watering 
the infested spots by a 12 per cent, solution of kamite. 

J ass us sexnotatus, Fall. — Steglich uses kamite in a composition to 
combat this grasshopper ; kamite 10 lb., carbolic acid 1 lb , soft soaji 
10 lb , in 100 gallons of water. 

Snails . — Kamite is a specific against snails (Taschenberg). 

Nitrate of Potash, KNO 3 . — Occurrence, — Nitrate of potash, or 
saltpetre, occurs in nature, it is found in the great plains of China, 
India, and Egypt. It is extracted by removing the nitrated earth for 
a few centimetres and lixiviating it. The liquor is then run into large 
basins and evaporated in the sun. 

Chemical Preparation. — By double decomposition of sodium nitrate 
and potassium chloride. By hot concentration of the solution the 
sodium chloride formed crystallizes, whilst the saltpetre, much more 
soluble when hot than common salt, remains m solution and does not 
deposit until after cooling. 

Properties. — Saltpetre is very soluble in water, 10 gallons of water 
dissolve 15 lb, of saltpetre at 9° C., 85 lb. at 15° C., 246 lb. at 100° C 

1 L4C’HN0STi:RN\ AiieUATA (red cockchafer), the larva of which gnaws the roots 
of vines and strawberry plants in America. 

9 
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(212° F ), 335 lb at 138° C At a groat heat [igneous fusion] saltjieire 
IS a powerful oxidizing agent 

Action on Plants. — Potassium nitiato, like ])otassiuin (blonde, is 
a plant food, and what has been said concerning potash salts applies to 
potassium nitrate ^ Concentrated solutions injure plants. 

Action on Fungi and their Spores. — Wutlnich’s res(*arclies on the 
action of metallic salts on the spores of fungi also include potassium 
nitrate. The growth of the conidia of Phyio'plitlio) a wfvstam, do By., 
IS not stopped by a 0 1 per cent solution, but the formation of zoospores 
IS prevented. The growth of the coniclia is not hindered until a 1 per 
cent solution is used The zoospores arc at once killed by this solution. 
The spores of Peronospora inticola, de By , are a little more sensitive. 
A 0 01 per cent, solution hinders their growth a little, with a 0 1 per 
cent, solution the conidia cannot form zoospores Their motion is 
slackened, and after fifteen hours none reach their normal growth , a 
40*4 per cent, solution interferes with the growth of Ushlac/o Carlo 
(smut), a 50 5 per cent, solution stops it. A 50*5 per cent, solution 
lowers the vitality of the spores of Puccvmagiamims, Pers., but th(-*y are 
only killed with a 101-1 per cent, solution A 101 per cent, solution 
does not destroy the vitality of the spores of Claviceps puipumi (ergot), 
Tub Nitrate of potash therefore, even in strong doses, is deficient in 
real anti-cryptogamic properties It has no toxic action, but merely 
exerts an unfavourable effect on the develojiment of the spores by 
producing plasmolysis Like many substances, potassium nitrate acts 
as an astringent when it is used in concentrated solution. As such it 
may prevent all cryptogamic evolution, but that is all its (‘ffect If the 
spores, the growth of which has boon momentarily snspondod, ar(‘ washed 
and replaced in good conditions, they generally d(*veIop normally 

Use. — Ptereneus Seoj). (goos(d)(*rry and (*urmnt saw-fly); 

Abraxas grossulanala, L (the magpie moth) - Tascheiiberg uses 
against these two gooseberry pests a spray of a 1*2 p(*r (*ent solution 
of nitrate of potash 

The disease caused by Boiryodiplodui tlieobronim in cocoa jilantatioiis 
can often be cured by applications of nitrate of potash, and (examination 
of the plants after this treatment shows that the fungous liyphie arc 
absorbed by the host. 

Carbonate of Potash, K 2 CO 3 . — Preparation. — Tin* im}>ur(‘ com- 
mercial potash IS obtained by incinerating terrcsstnal jdants. This 
incineration is done where there are many forests and wli(‘r(i the means 
of transporting wood are difficult. The ashes obtaiiUMl, whicli do not 
contain more than 5 — 20 per cent of carbonate of potash, an* washed 
in casks and are exhausted after thr(*e or four wasliings. The coIl(*ct(*d 
liquors are evaporated and yield the salt whicli calcined in contact with 
air furnishes commercial potash, consisting mostly of carbonate of 

^ T^ansJalo? 'a Note — But the nitric acid is the piedominatin^jj of potasHium 

nitrate, and as a plant food ])uts it beyond comparison \\ ith other jiotash salts, the 
phosphate excepted, 

® Ptereneus nbesu (gooseherr'y saw-fly). — The laiva* of these -flies attack 
different species of goosebeiiies, entirely depnve these shrubs of th(*ir foliage, and 
thus prevent the development of the fruit. During May the larva whicli is adult 
descends into the ground to turn into a grub. After thiec weeks th(* insi*ct hatches 
and forms a new genoiation. 
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potash with a small amount of potassium sulphate and chloride 
Other sources are, wool yolk, beet sugar molasses and cement dust 
Large amounts of potash are produced in Russia by the incineration 
of sunflower stalks 

Properties. — Deliquescent. Dissolves m its own weight of water 
Reaction strongly alkaline. 

Action of Carbonate of Potash on Plants. — Used in agriculture 
carbonate of potash by its alkalinity plays the i oh of lime, % e , \t 
corrects the acidity of the soil and utilizes the nitric ferments which 
can only work in a slightly alkaline soil. The nitric acid so formed 
increases the crop. Carbonate of potash can thus greatly alter the 
flora of an acid meadow. The reeds and rushes of the acid land dis- 
appear to the benefit of the useful Gmmuiece and Leguminosce This 
sensitiveness of plants belonging to the CyperacecB and the reeds has 
been often remarked, and this product is utilized to destroy them. 
Noffray spreads wood ashes on meadows in wet weather or after a strong 
dew, the reeds and the rushes are burned and the Legumuwsce grow 
rapidly The injurious action of carbonate of potash is not limited to 
these plants alone, it is very decisive on dodders, mosses, and lichens 
The first are destroyed by spreadmg wood ashes on the clover fields 
in dry weather and watering afterwards. The result is satisfactory, 
but it cannot be compared to that got with green vitriol, for there often 
remains after treatment some immune parts which contribute to the 
propagation of the disease. Carbonate of potash may replace lime 
against mosses and lichens Sorauer replaces the common process of 
liming the trunks of trees by coating them with a solution of 15 lb. of 
carbonate of potash in 15 gallons of water. This treatment not only 
frees the tree from the parasites sheltered under the fissures of the bark 
but does not colour the tree white like lime. 

Action on Fungi. — Alkaline carbonates have no toxic action on 
spores of fungi, but at a certain strength they impede their growth. 
Tillet who observed this action found it sufficient to guarantee the 
seeds of black wheat. Disinfection by the lye from wood ashes has 
given appreciable results. 

Flasmodiophom hraasiccB,'^ Woronine (finger and toe) — As a pre- 
ventive, Nijpels waters with carbonate of potash against the finger 
and toe so as to kill the spores of the niyxomycetes and prevent infection 
of young plants. 

Action on Insects. — Soft-skinned insects are generally very sensitive 
to alkaline substances and may be combated therewith. Soft soap and 
lime are of great service ; carbonate of potash acting similarly has been 
recommended by some observers. 

Cnoceris asparagi, L. (the asparagus beetle). — The larva of this 
Coleoptera is very delicate and may be destroyed by spraying with the 
lye from wood ashes. 

^ Plasmodiopiiora BRissic.E (finger and toe) — This disease is characterized 
by excrescences on the roots It causes stoppage of growth and kills the plant 
This disease may attack all varieties of cabbage, as well as beets, turnips, and 
radishes The fungus which accompanies this disease belongs to the familj^ of 
Myxomycetes, fungus consisting of a protoplasmic mass, the plasmodium, which 
changes incessantly in shape and which moves after the style of the lower organisms, 
the amoeba 



132 mSECTICIDES, FUNGICIDES AND WEED KILLERS 

Haltica (ground flea beetle). — To prevent these voracious Coleoptera 
from gnawing the young plants growing in the fields in the spring, 
Montillot spreads wood ashes on the seed beds It is chiefly against 
the different species of plant lice that carbonate of potash has been 
found useful. 

Aspidiotus permciosa (San Jose louse) — Marlatt made numerous 
attempts to destroy this apple bug, so formidable in America, and 
obtained with 24 lb of lye in 10 gallons of water, S5 per cemt lice killed , 
with 12 lb. 75 per cent. , with 6 lb. 50 per cent. , with 3 lb 20 per cent. 
Carbonate of potash in itself acts injuriously on the lice, and as it is at 
everyone’s disposal it may be tried in certain cases But it will act 
more surely if it be used as an aid to certain toxic substances, petroleum, 
for example Alkaline products, in fact, act on tlie mucus and the 
chitin so as to let the toxic substances reach tlic parasite and act on it 
more rapidly. 

Wood ashes are also utilized to kill slugs, using preferalily that from 
lime-kilns, as it still contains lime, the action of which aids the carbonate 
of potash. After a rain in the evening the ashes are spread broadcast 
on the seed beds of whatever nature, it exerts no injurious action on 
the plant but kills snails instantly on touch. It is well to water the 
plants next morning and recommence the treatment after sunset, 
In vineyards where slugs are dreaded vines are heavily dusted with 
ashes. 

Potassium Sulphocarbonate, KgOSajHaO. — Preparation.- By agitat- 
ing potassium inonosulphide K^S, with an excess of carbon disulphide. 
If a pure product be not desired liver of sulpliur may also bo iih(m1. 

Properties. — Carbon disulphide acts as an acid towaids alkaline 
sulphides and forms compoundvS therewith analogous in constitution 
to the alkaline carbonates, K 2 SCS 2 . 

But these compounds are unstable, the luoisturo and carbonic 
acid in the air decompose them thus — 

K2OS3 -f CO2 + HgO = IV2CO3 + CS2 H- HaS 
into alkaline carbonate, carbon disulphide, and sulphuretted hydrogen. 
Organic acids act in the same way. This decomposition goes on slowly 
ill the air and in the soil, according to the moisture of the surrounding 
media and the richness in carbonic acid. The dry crystals contain 
38 per cent, of carbon disulphide and can disengage 17 per cent, of 
sulphuretted hydrogen; 100 grammes of 40^^ Be. commercial solution, 
which tests 55 per cent, of pure potassium sulphocarbonate, can give 
ofl on decomposition 20 per cent, of carbon disulphide, say G litres, and 
9 per cent, of hydrogen sulphide. Potassium sulphocarbonate is in 
the solid condition a yellow crystalline very deliquescent body. But it 
is very difficult to obtain in that form, and the commercial article is 
liquid and marks 35 — 40° BA It is soluble in water in all proportions. 
[Alkaline sulphocarbonatcs treated by hydrochloric acid, tlien taken 
up immediately by water, yield a reddish-brown insoluble licpiid which 
represents sulphocarbomc acid ; it is used m therapimtics. It readily 
decomposes into CSg and HgS. The sulphocarbonatcs which chemically 
contain carbon disulphide have no analogy with the sulphide mixed 
with tar, vaseline, oil, or soap, the use of which has been proposed to 
replace the pure sulphide.] 
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Action on Plants. — Sulpliocarbonate wken concentrated is a violent 
plant poison The two gases [CSg and HgS] which it liberates are 
likewise poisons, but their action is less energetic than that of the 
sulphocarbonate itself Trials on healthy vines in 3-litre pots at 
different seasons of the year show that the vine is more sensitive in 
summer during the activity of the sap than in winter. Thus in August, 
vines do not stand a dose of 12 cubic centimetres of 40° Be. with or with- 
out water, whilst a dose of 15 cubic centimetres may be given in winter, 
and even in April when already the vine has big buds. Now 15 cubic 
centimetres of sulphocarbonate of 40° Be can only disengage 3 grammes 
of carbon disulphide and 1*35 grammes of sulphuretted hydrogen, 
quantities which are supported by the vine in similar conditions, 
especially in emulsion in water It takes more than 6 cubic centi- 
metres of sulphide emulsified in 60 cubic centimetres of water to kill 
the vine at that period Young adventitious plants [Merciuialis 
annucB, Polygonum aviculare, Calendula arvensis, Boimgo officinalis, 
Erodium cicuta'iium, Ictana vindis) vegetating in the open air were 
treated at end of August with 100 cubic centimetres of sulphocarbonate 
of potassium or sodium of 45° Be., reduced so as to make 2 litres of 
mixture, and spread in five holes in a square of 20-inch side , the plants 
only suffered in the immediate neighbourhood of the boles Haricots 
planted in pots containing 2 litres of soil resist perfectly when watered 
with 250 grammes of a 2 per cent solution of 45° Be. potassium sulpho- 
carbonate. Now, in practice, such strong doses are never used against 
insects. The toxic effect of potassium sulphocarbonate on plants is 
therefore almost negligible, whilst the dose is always poisonous to insects 
in a 0*0005 per cent solution. 

Action on Fungi. — Like carbon disulphide potassium sulpho- 
carbonate in strong doses exerts an injurious action on the mycelium 
of fungi and their spores. Dufour and Mouillefert tried this com- 
pound to replace carbon disulphide against root blight, Bematoffhora 
necatnx, Hartig. They did not, however, obtain the good results 
which they anticipated Dufour only registered 15 per cent of cures 
after treating the stocks of vines suffering from the blight by a 2 per 
cent solution at the rate of 3 — 5 litres per stock. It is true, that in 
these trials Dufour is far from having fed into the soil a dose of 150 — 
200 grammes of carbon disulphide per square metre, as is the case 
in the treatment of root blight by carbon disulphide, for the 100 
grammes of liquid sulphocarbonate used in this case only contained 
15 grammes of sulphide. Sulphocarbonates cannot replace the sulphide 
in the treatment of root blight, for they are much dearer. It is only 
when the dose of sulphide is minimum, as in the case of some insects, 
that the sulphocarbonates present real advantages over carbon 
disulphide. 

Action on Insects. — Sulphocarbonates, owing to their composition, 
are almost equally as efficient as potassium cyanide The most 
dilute solutions have a manifest and rapid action on insects. Mouille- 
fert examined very exactly the limit of action of sulphocarbonates 
used against the phylloxera in different ways 

1. By Contact, — By dipping the insects into dilute solutions, 1 in 
200 of sulphocarbonate of 38° Be., the insects were found dead in a 
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quarter of an hour; in 1 in 500, m one hour, in 1 jn 1000, in one 
hour fifteen minutes, in 1 in 5000, one hour; in 1 in 10,000, two hours 
fifteen minutes; in 1 in 100,000, in twenty-four hours. In a blank 
fiask only containing water the insects were not dead in twenty-four 
hours. The potassium sulphocarbonate of 38° Be used in these trials 
not containing 50 per cent, of dry sulphocarbonate, it may be said that 
the action of this product is deadly to the phylloxera in twenty-four 
hours in a 1 in 200,000 solution, say 0 0005 per cent of dry salt 

2 By the toxic vapours disengaged by the decomposition of the 
sulphocarbonates. In a 2-litre flask with moist sides into which 
J cubic centimetre of sulphocarbonate of potash of 40° Be had been 
run, the phylloxeras of an infested root suspended in tins flask were 
killed in three hours. By running m 4 cubic centimetres of tins pro- 
duct the insects were killed in half an hour. Now I cubic centimetre 
contained 0 354 of dry sulphocarbonate capable of ermtting by decom- 
position 0 14 gramme of carbon disulphide, or 40 cubic c(mtimetres, 
and 0 06 gramme of sulphuretted hydrogen, or 40 cubic centimetres 
of gas, giving a total of 80 cubic centimetres of ])oisonous gas It may 
therefore be concluded that ^ cubic centimetre of suljiliocarlionate is 
capable of producing m 2 litres of air an atmosphere with 4 per cent, 
of toxic gases 

In trials with cubic centimetres of sulphocarbonate, or with 100 
cubic centiinotrcs of a 0-1 jicr cent, solution, capable^ of produmig 16 
cubic centimetres of poisonous gas, and consequently an atinosphorc of 
0 8 per cent., the insects were killed m twenty-four hours Now it is 
admitted that sulphuretted hydrogen destroys the pliylloxera in twenty- 
four hours when the air contains 1 per cent, of this gas, and carbon 
disulphide when the atmosphere contains 0*5 per cent, of its vapours 
It has been seen that the sulphocarbonate of potash discmgagos the 
same volume of these two gases. It follows that a mixture of equal 
volumes of sulphuretted hydrogen and carbon disiiljihidi' in the gaseous 
state would kill it in twenty-four hours with a solution of ()-75 per cent, 
strength. The result obtained is thus appreciably the same as that 
found for sulphocarbonate of potash The mixture of th(^ two gases 
produced by the decomposition of the sulphocarbonates kills the 
phylloxera in the same time as a mixture of the same (jualities of 
these two gases acting simultaneously. But sulphocarbonates do not 
act only when they enter into decomposition, their solutions are in 
themselves powerful insecticides. Whilst both gases produced by the 
decomposition do not kill the phylloxera excejit at 0 0015 ptir cent, 
the sulphocarbonates in solution kill at 0 0U05 per cemt. Sulpho- 
carbonates may thus be regarded as the most powerful of disinfectants, 
their aqueous solution being three times more powerful than 
sulphuretted hydrogen gas and carbon disulphide. Owing to this 
property, alkaline sulphocarbonates may be used to distribute through 
the soil substances highly poisonous to insects. There is no difi<irence 
in the action of the different salts of sulphocarbonic acid, potassium, 
sodium, or calcium salts, but the former are generally used beciause they 
possess the advantage of carrying into the soil a certain amount of 
potash, which, in certain circumstances, may contribute to the rapid 
reconstitution of the damaged root system. The doses used in the 
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laboratory to kill the phylloxera are not those which are of use on the 
large scale, because many causes contribute to reduce their efficiency. 
The doses tried by Mouillefert were at first very strong, and killed 
the vine treated as well as the parasites The soil was watered 
from small vats near the stocks with a solution of 400 cubic centi- 
metres of sulphocarbonate of potash of 38° Be m 5 litres of water, 
then with 8 litres of pure water In other cases he used 220 cubic 
centimetres of sodium sulphocarbonate of 45° Be dissolved in J litre of 
water, distributed in four holes 60 centimetres deep placed m a radius 
of 35 centimetres around the stocks The dose of 20 cubic centimetres 
of sulphocarbonate of 33° Be sufihced to kill the phylloxera without 
injuring the vine, but it is preferable to use per stock 50 — 80 centi- 
metres of sulphocarbonate at 37*2° Be dissolved m 10 litres of water 
to obtain complete success. 

Use. — Sulphocarbonates were examined so as to be utilized in vine- 
growing in the destruction of the phylloxera. The results obtained 
hj sul'pJiocarhonation led to this treatment being tried on other 
insects, on which it has also given good results 

Phylloxera mstatnx, Planch, (phylloxera of the vine) — History . — 
In 1874, Dumas proposed the sulphocarbonates for the destruction 
of the phylloxera, indicating at the same time a practical method 
for their manufacture The Department of Agriculture and the 
Accdemie des Sciences entrusted two delegates, Cornu and Mouillefert, 
to make the necessary experiments to determine if the predictions of 
the learned chemist would be realized. Mouillefert made numerous 
experiments at the Cognac Viticultural Station, and was able to 
conclude that the sulphocarbonates, and especially potassium sulpho- 
carbonate, were marvellous insecticides and also the best remedy 
against the phylloxera. In his remarkable research on the chemical 
products proposed for the destruction of the phylloxera he places 
the sulphocarbonates m the first rank of efficiency, and declares them 
to be alone capable of keeping a vine attacked by the phylloxera in a 
thriving condition, and to regenerate it if weakened by the disease. 

In numerous experiments on vine stocks placed in different condi- 
tions of soil, age, and cultivation, the sulphocarbonates always effected 
an improvement. Those of which a part of the radicles was attacked 
were, after a year’s treatment, finer plants than the non-diseased stocks 
The stocks still more badly diseased and almost in the last extremity 
were appreciably improved and did not die like the untreated blanks. 

Mouillefert in 1876 published the conditions which it is indispens- 
able to observe to secure good results by this treatment. The useful 
application of alkaline sulphocarbonates to the cure of the vine 
requires • (1) That all the infected surface be treated. (2) That the 
poison be injected deep enough to reach all the phylloxera The best 
method to secure perfect diffusion in the soil is to use water as the 
vehicle. The amount used may be greater, or less, according to the 
state and conditions of humidity in the soil, and according as it may be 
expected to rain, or not, but water cannot be completely suppressed. 
The more water added, the more complete the diffusion and rapid the 
action. The amount of sulphocarbonate xeqmred to treat a square 
metre to a depth of 80 centimetres, 31 2 inches, which gives 800 litres, 
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say 1 cubic yard, of soil, is 30—40 cubic centimetres, 1— IJ fluid oz , 
which IS comparatively very little. Without the aid of water it would 
be very difficult to distribute this small volume on the surface of the 
soil and equally impossible to cause it to descend to a sufFieumt dcjith 
to kill all the insects unless the soil be very pornieablc or rain falls at 
a propitious moment, which is exceptional In all cases the direct 
use of water suffices if the quantity be abundant, whether the soil be 
compact, stony, or permeable, diffusion is always perfeet Alkaline 
sulphocarbonate solutions of 1 in 10,000 and even 1 in 20,000 being 
still poisonous m cultivation on the large scali‘, too groat dilution need 
not be feared, m rendering diffusion more ])crfect, to make the remedy 
impotent. The best method of using sulphocarbonates consists in 
making flat receptacles in the soil, round the foot of each vine, and 
there distributing the poison. For this purpose 500 kilogrammes per 
hectare (440 lb. per acre), say 50 grammes per square m(‘tre, are 

diluted in 350 times its weight of water. After having [)ourocl the 

solution into the excavations it is well to pour on a little water to 
cause the poison to penetrate more deeply Wlnm all the water is 
absorbed by the soil, the ground is put back into the pit and tramped 
down under foot. Sulphocarbonates may be us(‘d at any time of 
year, for the small dose has no cfh^ct on the plant, hut it is jinder- 

able to use them whilst the sa{) is at rest. Tht‘ v\at<('r recjui red to 

carry the poison into the depths of the soil being soimduines an 
obstacle to its use m many districts, the most convenieni. tiiiu* for the 
application of sulphocarbonates as, then, tliat when rain is most 
abundant during winter, when the soil is already saturated with 
moisture. For small or medium scale cmltivation, the ))f‘st plan con- 
sists m placing the amount of sulphocarlionate n^quired for a stock, 
say 50 grammes (1| oz ), in a 10-Iitro (2 2 gallon) watering-(*an, then 
to pour into each pit the entire contents of this wat (Ting-can, and 
afterwards pour an entire watering-can full of wat(T on ea(di stock. 
But it IS preferable when possible to make a diliiLi solution in a largo 
reservoir, and to draw out witli the w^atenng-can tlu^ amount required 
for each stock. On the large scale, Mouillefcrt and IfimibcTt have 
designed plant intended to bring the wat(T rccpiin^d for tlio treatment 
into vineyards It consists of a steam (uigine, working sufdion and 
propelling pump which can send the wat(ir several kilonud-res, and to 
a height of 100 — 150 metres (328 — 402 fei^t) The pumj>, jilaced n(*ar a 
river or a lake, sends the water into a distrilniting cliamml forming a 
network of ramifications through the vineyard The channels of the 
third order end in metallic vessels of 3*50— 100 htr(*s (77 -- 88 gallons) in 
which the sulphocarbonate is dissolved; the workimm ther<j draw the 
amount of insecticide required, and spn^ad it with llu*. watering-can 
around the stocks. With good organization the wTirkmen iuhhI not 
carry the water more than 10 metres, say 33 fo(d.. A man can then 
spread 1500 — 1800 litres, say 330 — ^396 gallons, of watiT an liour round 
the vines. By this ingenious process, vines far from a source of water 
may be treated. But owing to the large amount of watiir required, 
which is 150,000 litres per hectare, say 60,000 litres (13,200 gallons) 
per acre, being awanting in many districts, this treatment has not 
been adopted everywhere. Its use also finds a drawback in the fact 
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tliat the cost of sulphocarbonating is greater than sulphuring. It 
IS true that it brings potash to the value of 50 francs per hectare, 
on to the land, but that is only really useful m districts -vrhere 
potash IS deficient Sulphocarbonates have therefore their place 
only 111 rich vineyards like those of Champagne, Burgundy, and 
Bordeaux They should be preferred to carbon disulphide, the more 
so as they are much less dangerous for the vine As Foex ]ustly 
remarks, it is a process to use in de luxe vineyards There are in France 
vineyards that have been submitted to this treatment for fifteen years, 
and still in good condition. In France there are hardly more than 
10,000 — 12,000 hectares (25,000 — 30,000 acres) treated annually by 
sulphocarbonates, and since the carbon disulphide treatment has 
been better studied this figure has a tendency to dimmish, for the 
carbon disulphide treatment, like the sulphocarbonate, being annual 
the small doses of sulphide used in such conditions are not prejudicial 
to the vine and enable it to be kept in a good state of production. 
Unfortunately, whatever care be taken in applying these substances 
there will always be a certain number of phylloxera which escape 
the toxic action. If, theoretically, the sulphocarbonates are capable 
in small doses of entirely destroying the insects on the roots, it is not 
so m practice even in much stronger doses; different causes prevent 
the result from being so complete. But by the treatment the number 
of the phylloxera is so reduced as to enable the root hairs formed 
during the fine weather not to be entirely destroyed, and for the plant 
to nourish itself on the revival of vegetation If the evil be not 
entirely removed it no longer forms an obstacle to the vine main- 
taining its vigour. The important point is to dimmish the parasites, 
so that the vine may live with them without the crop suffering The 
use of water as the vehicle of the sulphocarbonate being the great 
obstacle to the propagation of this marvellous insecticide, it has been 
tried whether mixtures with slaked lime would not likewise bring 
about a uniform distribution of the sulphocarbonates in the soil. It 
was Dumas who advised Mouillefert to try these mixtures, hoping 
that the lime, before its transformation into carbonate, would absorb 
the carbonic acid of the air and prevent the sulphocarbonate decom- 
posing rapidly. In this way a powder would be got easy to spread m 
the soil at the foot of the stocks, which would preserve the alkaline 
carbonate intact whilst waiting for rain to carry it into the neighbour- 
hood of the infected roots Mouillefert, therefore, mixed 500 cubic 
centimetres of sulphocarbonate of potash of 37° Be with 1*2 kilo- 
grammes of lime in powder and spread this mixture m winter at the 
foot of five stocks, previously stripped to the big roots on a radius of 
35 — 15 centimetres , the earth was then put back into the holes A 
fortnight later after a senes of heavy rams the roots were examined; 
on all the top roots the insects were dead, but on the roots more than 
40 centimetres (say 6 inches) the insects were not found dead until 
two months afterwards. Success would have been complete if it had 
not been that on the roots beyond the stripped radius the phylloxera 
were still living According to the predictions of Dumas, the use 
of sulphocarbonate in these conditions may suffice, provided the 
mixture be spread all over the vineyard. To attain this object the 
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proportion of lime must be increased greatly, and a mixture of 500 
kilogrammes of sulphocarbonatc with 5000 kilogrammes of slaked 
lime applied per hectare of vineyard (say 440 lb and 4400 lb , 2 metric 
tons per acre). After spreading it would siillice to hoe the ground so 
as to mix it with the earth and protect it from contact with the air 
which would decompose it. From Laiigici s exp(‘riinents it would 
appear possible without hurting the vine gradually to extinguish the 
hotbeds of phylloxera infection, by aid of repeated mixinl treatments 
of sulphocarbonatc of potassium and carbon disulphide, applied 
opportunely and in suitable doses This process, much used m 
Switzerland and Italy, appears to leave nothing to be desired. 

Disinfection of Vines and Graft Bearers - Sanniiio advis(‘s for this 
purpose sulphocarbonatc of potassium in 0*()5 ])(‘r ciiiit solution; 
for disinfection to be complete immersion must last two hours. 
Dufour recommends for the disinfection of graft bearers coming from a 
phylloxera district the steeping of these m a solution of the following . 
sulphocarbonate of potash 0*5 per cent. , soft soap 5 per cent. ; })yrethra 
powder 1 per cent , tobacco ]uicc I per cent. 

Oarpocajpsa ponionella {Pyrale du Pommu}) (the codim moth); 
Caipocapsa funehr ana, ^ Fr. (? Carpocapsa ni(jnmnc) (the nul plum 
grub) — Montillot recommends watering the soil at tln^ foot of th(i trees 
m autumn, after collecting the fruit, with a solution contaiumg i per 
cent, of sulphocarbonatc potassium 

Gochyhs amhignella, Hubn. (cochylis of the vine). —Dufour tried 
to combat this insect by spraying with sulphocarbonatc, but h(' did not 
kill the caterpillar. A bouillie containing i per cent, of siilphocarbon- 
ate and 3 per cent of soap destroyed the insects but scorch(‘d the buds, 
which browned and finally dropped off. A 0*1 — 0 05 per ciuit. solution 
does not injure the plant and kills all underground larvm. 

Formica (ants). — An excellent means of destroying an ant-hill con- 
sists in the use of sulphocarbonate A small trcuich is dug round 
the ant-hill and it as watered in the morning as far as possible, when 
the ants have not yet gone out, with a 0*5 per cent solution. Half 
a litre to a litre of this solution sulhces to destroy an ant-hill. After 
absorption of the liquid it is well to beat the earth down. 

Galeruca calmanensis (galeruca of th(‘, elm), Oalnnm alni 
(galeruca of the alder). — Sulpliocarbonatos in solution applied in 
August destroy these insects, which arc so injurious to tli(i f r(‘es in our 
parks and public promenades. 

Tipula oleracea (meadow tijiula) — To d(‘stroy the larva? of tii)ula, 
carbon disulphide may be replaced by spraying meadows and fields 
with a dilute solution of potassium sulj)hocarhonat(i Bartlion, who 
recommends this treatment, advises to test previously the dos(i winch 
will not injure the plants on which it is to be applied. A solution 
of 0*1 to 0*5 per cent, never injures plants and kills all uruh^rground 
larvae. 

^ Carpocafsa funebrana Pyralin of tho Plum (wormy plums, plum 
worms) — Small butteifly, 7 millimetTes long, blackish with some spots and lines 
of a greyish-blue In July the female lays its eggs on the still grc(‘n plum As 
soon as hatched the caterpillars penetrate into the fruit and remain there until 
maturity. 
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Xanthogenate of Potassium, C2H5OCSSK — Definition. — This com- 
pound IS the potassium salt of the ethylic ether of dithiocarbonic 
acid, OHCSSH. 

Preparation. — By acting with an excess of carbon disulphide on 
absolute alcohol saturated with caustic potash. The crystals of xan- 
thogenate of potassium formed abundantly are washed with ether. 

Properties. — Xanthogenate or ethyl sulphocarbonate of potassium 
forms colourless or slightly yellowish needles , they are soluble in water, 
likewise dissolving in 5 — 6 parts of absolute alcohol. The decom- 
position of the aqueous solutions into carbon disulphide, ethyl alcohol, 
and potash begins at a temperature of 25"^ C. (77° E.), to be completed 
on boiling Xanthogenate of potassium stops fermentation like carbon 
disulphide and coagulates albumen Schwartz found that the action 
of its solutions on bacteria and ferments do not commence except at 
the temperature at which this salt decomposes, and that it only there- 
fore possesses the disinfectant action of carbon disulphide. But this 
does not m any way detract from its valuable properties as an antiseptic, 
since carbon disulphide acts on bacteria in aqueous solution at 0*5 per 
cent and that this product contains 47 per cent, of carbon disulphide. 

Use. — Xanthogenate of potassium may be used in all cases where 
carbon disulphide and sulphocarbonate of potash have been found 
useful Its solubility in water is greater than that of carbon disulphide 
and its stability in air more perfect than that of sulphocarbonate of 
potassium Its properties would have assured it a much higher place 
in agricultural medicine if its price were not higher than similar com- 
pounds. Yet in spite of its high price xanthogenate of potassium is 
used in disinfection and enters into the composition of certain 
insecticides. 

Phylloxera vastatnx. Planch (phylloxera of the vine) — Dr. 
Koenig, director of the Agronomical Station of Nice, has made very 
extended trials of the action of this salt on phylloxera, and found that 
compared with carbon disulphide and sulphocarbonate of potash its 
value as a disinfectant of phylloxera-infected vines was greater and 
more certain. The eggs and phylloxeras are killed without exception 
by submitting them to the action of solutions of xanthogenate of 
potassium or to that of the vapours which its solutions emit on heating. 
To disinfect the roots Koenig recommends the use of aqueous solutions. 

Bchizoneura lamgera, Hausm. (woolly aphis). — Muhlberg recom- 
mends to combat the woolly aphis an insecticide which contains two 
most active substances, nitrobenzene and xanthogenate of potassium. 
Amyl alcohol 60 lb., soft soap 40 lb., nitrobenzene 2 lb., xanthogenate 
1 lb., water 6 gallons. Knadohn in 2 per cent, solution kills the greater 
number of insects injurious to plants. To apply it the wounds and 
cankers caused by the American woolly aphis are coated with a solution 
of 1 part of this insecticide in 15 parts of water. 

Potassium Cyanide, KCN — Preparation. — An alkaline cyanide is 
formed each time that carbon and nitrogen come in contact at a high 
temperature with an alkali or an alkaline carbonate Commercially 
potassium cyanide is prepared by submitting nitrogen or organic 
bodies rich m nitrogen to the action of carbon impregnated with 
potash and heated to redness. Prussic acid or hydrocyanic acid is 
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generated by the action of an acid on potassium cyanided The latter, 
however, does not give up all the hydrocyanic acid whicli it contains. 

Properties. — Potassium cyanide crystal! is<‘s in dc]i<(ii(‘scent cubes; 
it is found m commerce as Jusod white jilates which must bo k(‘pt out 
of contact with air because that decomposes it rapidly into hydrocyanic 
acid and carbonate of potash — 

2KCN + H2O + CO2 = K2CO3 + 2ri0N 
The commercial product is never pure, it always eontnins a greater 
or less amount of carbonate of potash Prussic acid is a colourless, 
very volatile liquid having the odour of bitter almonds Jt is, like its 
salts, a deadly poison. The vapours given oh liy dccomjiosition m 
contact with air kill the insects and animals whicli ])rf*ath(‘ it in a few 
minutes. Its action is the same in whichever way it he introduced 
into the body, by digestion, respiration, or introduc(*d into the blood 
through a wound. A drop of hydrocyanic acid ])lac(‘d on the eye of 
a dog causes it to die in a few seconds a dr(‘adful deai-h. The respira- 
tion of the vapours of this acid induce giddiness, then death. The 
mortal dose for a man is 0 06 gramme, say 1 grain, of jirussic acid 
and 015 gramme, say 2} grams, of potassium cyanuh^. According 
to Preyer, prussic acid acts through the com])r)xm(ls whi(di it forms 
with the haemoglobin and the oxylnemoglohin of the blood. 

Action on Plants.- All cyanogen (*om pounds have! a poisonous 
action on plants, but it is prussic acid which ])ossesses this property 
m the highest degree. As far hack as 1827, (lopj)(‘rt remarked that 
prussic acid prevented the germination of gram, and ahsorlx^d by the 
plant it killed it in one to three days. When a plant is wat^ored with a 
dilute solution of cyanide the latter is absorbed and distri)>ut(‘d through- 
out all parts of the plant by the sap ; the leaves turn y(‘llow, i hem brown, 
and the turgescence of the cells of the panmehyina is aliolished. 
Perosino succeeded m injecting a very cliluti} solid ion of jiofavssium 
cyanide into the trunk of a tree without hurting it, and afif*r two days 
all trace of this product had disappeared in the sap, hut 1h(* dos<' to be 
withstood was, it is true, infimtcsimal. Jlerlese lias shown ibat trees 
withstand these injections badly, even in small dos(‘s. Mouilhdort 
made a very complete examination of the action of potassium cyanide 
on vines and adventitious plants. 

Ex'penmeyits made in Jvly on Healthy Vines, variety /^ahit Emilion. 
— Placed in pots, each containing 3 litres of soil, tlirce vimi stocks 
were watered with (1) 170 milligrammes of cyanide, say a 0-142 p(^r 
cent, solution; (2) 250 milligrammes of cyanuh^, in 110 cubic (xuiti- 
metres of water, say a 0-18 per cent solution, (3) 500 milligranimes of 
cyanide dissolved in 180 cubic centimetres of wuitiT, say a 0 28 p(*r 
cent, solution. In six days vine No. 3 was df‘ad, that carrying No. 2 
was greatly inconvenienced, and No I seemed to sufT(‘r. As will be 
seen from these results the substance is highly poisonous to tlui vine, as 
a dose of 0*008 per cent, of potassium cyanide in the soil kills this 
plant. Gruerrieri estimates that a dose of 1 gramme suflic(*s to kill an 
adult vine, and that it is impossible to kill the phylloxcTa by this 
method, the vine being as sensitive as the ])arasite. I'he, fact that the 
phylloxeras of a vino treated with cyanide ciie mainly by the absorption 

^ See also Sodium Cyanide, above, p. 1 19. 
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of tlie poisoned juice, shows that this method of treatment must be as 
pernicious to the vine as to the phylloxera , Chittenden considers that 
it IS impossible to treat all plants by hydrocyanic acid vapours to free 
them from pests; the acid may, however, be used without fear on 
Davallia, Adiantunif Coleus, Viola, Rosa, Biantlms, Vitis, and Lyco~ 
'persiciim. It is necessary to try each variety of plants to see if this 
method of treatment can be successfully adopted against the caterpillars 
without risk to the plants themselves. 

Experiments made in J uly on Adventitious Plants — The experi- 
mental ground was a square with side of 50 centimetres and contained 
young plants about fifteen days old [Mercunahs annua. Polygonum 
aviculaie, Amarantlius hlitum, Boiago officinalis, and Erodium ciciitar- 
lum) , 500 milligrammes of potassium cyanide, dissolved in 400 cubic 
centimetres of water, say a solution of 0 125 per cent , was distributed 
in five deep holes of 15 — 20 centimetres. In the niormng all the young 
plants were dead. After six days nothing remained alive but two 
stocks of Borago and one stock of Ei odium. 

Action on Fungi. — Few trials have been made. Hitchcock and 
Carleton immersed the uredospores of Puccinia graminis in a 0-1 per 
cent, and a 0*01 per cent, solution. The first solution prevented 
germination The second had no effect. 

Action on Insects, — Potassium cyanide, also the prussic acid given 
off from it in moist air, are insecticides of extraordinary power, an 
infinitesimal dose killing insects in a few minutes. Its action is more 
energetic than that of sulphocarbonate of potash, sulphuretted hydro- 
gen, and ammonia It acts on insects by respiration and through the 
stomach Entomologists use it to kill the insects which they catch 
Mouillefert submitted different insects to the action of this poison, 
especially the phylloxera, which he specially examined. One gramme 
of potassium cyanide was placed m a 250 cubic centimetre fiask. The 
following are- the results obtained with the different insects introduced 
successively into the fiask : A butterfly died m four minutes , a dragon- 
fly in ten minutes ; an earwig in ten minutes , a plant louse is killed 
in less than two minutes ; a stag beetle in four minutes ; and a grass- 
hopper in less than two minutes. 

In America potassium cyanide is a specific for the destruction of 
certain plant lice ; it is to be observed, however, that their eggs with- 
stand doses usually sufficient to kill the adult insects. According to 
Coquillet it is chiefly the Diaspines, amongst which must be counted 
Aspidiotes, Diaspis, Lecanium, Ceroplastes, Coccides, which are most 
sensitive to prussic acid. Whilst almost all insects succumb when 
they respire a weak dose of prussic acid, there are some which are 
indifferent to this poisonous gas : these are certain Coccinella, the red 
spider (Acarus telanus) of Linneus [Teti any elms telanus, L ) , the 
ScMzoneura lanigera, Hausm. (woolly aphis); and some &es of the 
family of Proctotrupidce of the genus Alaptus. The danger of the 
prussic acid treatment is an obstacle to its becoming general, the more 
so as there are less dangerous substances, which, m the same conditions, 
are of equal service. There are, however, certain cases where prussic 
acid is superior to these products. When it is a question of destroying 
one of those plant lice covered with a chitmous carapace, ordinary 
insecticides which do not reach the insect must be set aside, lor 
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tliat reason. Emulsions of ]>etrol(‘nin, amyl alcohol, Ijtuizino, and 
carhon disulphide, with soft soaj), only yi(‘l(I ]i>i])<‘rh‘(*t r(‘siilts It 
IS otherwise with prussic acid, its va])ours, owing to tlnui poisonous 
nature, can destroy the best protected insects through the respiratory 
organs, and as easy as any soft-skinned nisc^ct. In America the 
benefits of the substance have been recognized, and it is in constant 
use by farmers. By means of potassium cyaiu(I<‘ used rationally m 
winter, fruit trees may he freed from all their jiarasites. In America 
apple-trees have been particularly the ])rey of the San Jose louse, 
but potassium cyanide, winch has playcHl in this case tlu‘ rclr of carbon 
disulphide in the phylloxera invasion, has (malilcd this dangerous 
insect to be efficiently combated 

XJse. — In spite of its toxicity and the dang(‘r imicltmtal to its use, 
potassium cyanide is in current use in certain countries, it is, in fact, 
the most radical and the cheapest m(‘ans to d(*stroy tr(‘e ])arasites. 
Cyanide can only be used in a closed space. Its decomposition is 
hastened by the addition of dilute sulphuric acid. This practice 
requires great precautions, because the prussic acid given ofl is as 
deadly to the operator as to the insects. When a gr(‘(uihouse is not 
at disposal the operation is done under cloches for small plants, and 
under tents for trees. The latter are of packing cloth, impregnated 
with linseed oil and ochre, or wax. These portable ttuits are g(‘nerally 
hexagonal in shape and must touch the ground on all sides, they are 
closed hermetically by beating down the soil on the edges of the cloth. 
In America they use exclusively large cubes with a wooden frame- 
work covered with packing cloth. In this inanm^r trees as high as 
20 feet may bo treated. To disinfect a tree the tent is ]jlae<‘d over it, 
and then a solution of potassium cyanide is run into a t(‘rrine to which 
dilute sulphuric acid is added, taking can* to place this t.<*rrnu* fjuickly 
under the tent and to retire The following, according to I>(‘bray, are 
the quantities to use for 5 cubic metres of air : 30 gramm(*s of 5H per 
cent potassium cyanide dissolved in 50 ciiliic centimetres of water, 
35 grammes of sulphuric acid of 66° Be. (168° Tw ) (iiiut(*d with 
50 cubic centimetres of water According to Goqu(*liu, tin* doses of 
potassium cyanide to use according to the size of tlui tree an* as 
follow . — 


Table XIX. — Showing the, Amount of Potasf>ium h rz/rr, uml Sulphunc 

Acid to Use zn Of/amdmg Trees of JjtfJerenl flcighl und Diameh r. 


Height 

Diameter 

Potassium 

W'atcr, 
ft c. 

Sulphuiic aoid 

Metres 

Feet 

Metros 

Feet 

( )!ramme.s. 

(Iranih 

(Jramme.s 

Oz 

Av. 

3 

9-84 

2 50 

8 20 

05 

997 

130 

05 

2 3 

3 50 

10 48 

3 00 

9-84 

130 

1994 

250 

J30 

4 5 

3 50 

10 48 

4 50 

14 70 

250 

3835 

500 

250 

87 

4 25 

13 94 

3 00 

9-84 

lOO 

2454 

350 

KiO 


4 25 

13 94 

3 50 

10 48 

210 

3222 

500 

210 


4 75 

15 58 

4*25 

13*94 

340 

.5210 

750 

340 


5 50 

17 08 

4 25 

13 94 

425 

0521 

850 

425 
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The action is complete m a quarter of an hour (Dehray), three- 
quarters of an hour (Ritzema Bos), and five hours to destroy kermes 
(Reh). Johnson says that disinfection is complete in a very short 
time, and that with ten apparatus, 200 trees may be disinfected in a 
day, the operation lasting half an hour A method much in vogue in 
American consists in disinfecting the roots of young nursery plants as 
far as the crown. For this purpose all the trees are dug up, and placed 
in closed cupboards or chambers in which prussic acid is disengaged, 
10,000 young trees can be disinfected in this way at a time. Dr. 
Koenig has introduced the practice of this style of disinfection at the 
Agronomical Station of Nice, where it is employed for vines, ornamental 
plants, as well as the branches of ornamental plants intended for 
exportation. Waite and Howard recommend for the disinfection of 
purchased trees hermetically sealed cupboards, in which they are 
enclosed for an hour in an atmosphere of prussic acid before replant- 
ing , although the majority of plants resist the action of these poisonous 
vapours it is preferable to operate during the repose of vegetation, for 
in that condition they resist stronger doses capable of destroying the 
parasites and their eggs. The action may be prolonged, and even last 
an hour. The result is only the more complete. Tuille recommends 
for the destruction of the larvae of the cockchafer {Melolontha vulgaris, 
L.) to plough in colza or mustard during the flowering season along 
with a ton of gypsum or lime per hectare (8 cwt per acre). Amongst 
the poisonous gases given ofl in consequence of the fermentation of 
these plants is sulphuretted hydrogen, but also a certain amount of 
prussic acid 

Scoly tides. — In America prussic acid is regarded as an excellent 
substance for destroying the insects which dig galleries in the trunks 
of trees. It may be applied at the moment the Scolytides or the 
Bostnehes attack the young trees 

Wasps — Gardner recommends the use of a solution of 120 grammes 
in a litre of water (1*2 lb per gallon). A plug of waste is attached to 
a rod dipped m this solution, then introduced into the orifice of the 
nest of wasps. The effect is instantaneous. 

Ftereneus nbesii, Scop, (gooseberry saw-fly) — The highly voracious 
larvae of this saw-fly are destroyed in Canada by cyaniding, working 
under small tents as already mentioned. The gas acts in fifteen 
minutes. To destroy the butterflies injurious to cotton plantations, 
Mally plants haricot beans between the rows. As soon as the latter 
are in flower they are sprayed with a dilute solution of potassium 
cyanide. That kills the butterflies which settle on the flowers. 

Carpocapsa pomonella (the codlin moth). — It is m winter that 
fumigation under a tent with prussic acid may be very effectual. The 
process is in common use in Canada. 

Diplosis viohcola, Coquillet (violet fly) — Chittenden advises treat- 
ing the violet stocks with potassium cyanide, so as to kill the larvae of 
this fly. 

Phylloxem vastatrix, Planch, (phylloxera of the vine) — Experi- 
ments on the phylloxera action by contact. — A phylloxera-infected root 
was immersed for two minutes m a 1 per cent, solution of potassium 
cyanide; the phylloxeras and their eggs were all dead when it was 
lifted out. 
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Expenmenls on Phylloxoa Fmmtjation —Five niilhgraiumes of 
potassium cyanide, yielding by decomposition J*7 cubic centiiuetres of 
prussic acid vapour, were ])laced m a flask of 2100 culiic centimetres, 
then a phylloxera-infected root. When the action was complete the 
atmosphere of the flask consisted of 8 parts of jiuissic acid vapour 
per 10,000 parts of air. After fifteen hours there were no living 
insects. It follows that potassium cyaiiid(‘ is about ton tunes more 
poisonous than potassium sulpliocarbouat(‘, for it sullices for an 
atmosphere to contain 0 08 per cent, jirussic acid gas to olitain the 
same result as with 0-75 of a mixtuie of equal j)arts of sul})ln netted 
hydrogen and carbon disulphide, disengaged from ])otassiuin sulphocar- 
bonate. Under a cloche 0 000240 of potassium (‘yanide Jails plant hce. 

Experiments on Phylhxcni ‘ Action by Poison ^ -k jihylloxera- 
infested root was immersed by its extrcmiities in a 0*125 per cent 
solution of potassium cyanide with tin* pn^cautions ii(‘oessary to hinder 
the phylloxera being exposed to prussic acid vapours Aft(*r ten 
minutes’ treatment the adult ])hylloxera, the nests of which W(*r(* sunk 
in the tissues of the root, were dead, the greater number of the larvie 
were alive. The cyanide can thus poison the sap, and m that way reach 
the phylloxeras fixed on the roots Mouilletert having shown that 
potassium cyanide acted in a very poisonous manner on tlio pliylloxera, 
and that an infinite quantity killed those insects either by contact or 
by poisoning the sap, the substance may be regard (‘d as of great 
service in agriculture. 

1. Expenments on Phylloxeui-infected Vincs^ in ])ots e.ontaining 
3 litres of earth, on 10 July. A (lose of 150 imlJigrammes of KON 
in 400 cubic centimetres of watc'r (a 0 0375 j)or c(‘nt. solution) gave a 
complete result without injuring tin* vine, whilst a dosi*. of 500 milli- 
grammes m 500 cubic centinictr(*s water caused it to suflVr greatly, 
A dose of 1 gramme in the same amount of water kill(*(l it 

2. Experments on Vines %n VineyardSy made on (i duly. The 
stocks were stripped to a depth of about 15 centluu'tres, with a radius 
of 30 — 35 centimetres (12 — 14 inches), the soil being rathcT dry. After 
pouring on the potassium cyanide solution the soil w^as r(*placM‘d at the 
foot of the stocks and strongly packed. The dose used varied from 
20 — 50 grammes (307 — 767 grains) per stock, dissolved in 10 litres (2*2 
gallons) of water. Wherever the solution had ])enetrated, the fihylloxera 
and their eggs were dead. But at a depth of 40 — 50 centinu*tres (16 — 
18 inches), as well as between the stocks in a radial direction, even by 
using five times more water the result was iucomph^ti* ^J'rials with 
the injection method gave no better results, and Mouill(dt*rt concluded 
that potassium cyanide was incapable of jirodiicing a com plot (i result 
in agriculture on the large scale, because its action is only felt where 
the solution can penetrate. The prussic acid disengag(‘d in the >soil 
cannot diffuse through its layers like carbon disuljihide, lUiithcr does 
F. Guerreri believe it possible to use this substance against the phyl- 
loxera, for he found that the plant did not resist the dostss required 
to kill it, and that a dose of 1 gramme of cyanide, say 15 grains, 
per stock was capable of injuring it. Attempts to niplace carbon 
disulphide by potassium cyanide, more especially in Italy, have given 
unfavourable results. 
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Disinfeetion of the Vine. — ^Whilst ]3C)tassium cyanide has been 
abandoned in the dificrent cases described above, this product is used 
with success to disinfect vines intended for exportation, or coming 
from a contaminated country This process, introduced at the Nice 
Agronomical Station by Koenig, yields perfect results. It is in com- 
mon use, moreover, m Tuscany Sannino advises replacing the dis- 
infectant chambers by baths containing a 0*5 per cent, solution, and 
in which the vines are immersed in winter for two hours. The same 
process is used to destroy coccides on fruit trees. 

Diasjpines (Diasjpinece) — Coquillet uses prussic acid as a specific 
against Diaspinece, coccides (scale insects) 

This product may be used against all these dangerous parasites, of 
which the following are the chief: Aspidiotus peiniciosus, Comstock 
(San Jose louse), injurious to apple-trees in America. Aspidiotus ostiea- 
Jormis, Curtis Oyster scale, very widely distributed on apple-trees, 
plum-trees, pear-trees, and peach-trees. Aspidiotus aurantii, Masked 
Coccis injurious to orange-trees. Biaspis ostreafornns, sign s 
fallaXj Horvath. Coccis injurious to apple, pear, plum, and peach 
trees. Mytilaspis pomoi um, Beche Mussel scale, resembling the pre- 
ceding and living on same plants. Lecammn persicce (peach kermes) , 
Lecamum hespendium (olive kermes) , Pylvinaria viPis (vine coccis) , 
Cereplastes nisei (fig coccis) ; Bactylopius ciU i (lemon-tree coccis) , 
Lecamum amygdali (almond-tree coccis) American entomologists are 
unanimous in praising the good effects of the use of potassium cyanide, 
and that insecticide is in current use in their country. So that the 
result may bo complete, the treatment should last three-quarters of an 
hour, and the operation done in winter as indicated above. 

Earth-worms are less resistant than plants to spraying with a 
dilute solution of potassium cyanide and they may be got rid of by 
this means 

Small pieces of potassium or sodium cyanide may be pushed into 
the holes bored in trees by the larva of the goat moth, the holes being 
then plugged with clay. 

The British Ministry of Agriculture recommends that an article 
sold as potassium cyanide for agricultural and horticultural purposes 
should be capable of evolving (when treated with an acid) not less 
than 39 4 per cent, of its weight as hydrocyanic acid 

Against soft scale (Coccus hesperidum, L)., which infests a wide 
range of fruit trees in S. Africa, the most satisfactory remedial measure 
IS fumigation with hydrocyanic acid gas, other measures are contact 
insecticides, such as resin wash or miscible oils, and a soap wash 
consisting of 1 lb. of soft or hard soap and 8 gallons of water This 
should be applied warm. 

At Porto Eico considerable time has been spent by the entomologist 
in fumigating tobacco warehouses and factories with hydrocyanic 
acid gas against Lasioderma serricorne, fully 4,750,000 cubic feet of 
space being treated The warehouses were treated with 40 oz. of 
sodium cyanide per 1000 cubic feet for forty-eight hours. As a result 
there has been a considerable reduction m the loss caused by this 
beetle in cigars. 

In the U.S A. serious complaints have been made by nurserymen 
10 
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and owners of orchards relative to injury to nursery trees when fumi- 
gated with hydrocyanic acid gas, and of the factors involved Nearly 
all admit the effectiveness of the luinigation in dtsstroying sealc-nisects. 
It was probably harmless to trees that were ])erl(H‘tly dry at the time 
of treatment, but it was found impossible always to hav(^ the trees 
in the right condition for fumigation 

Fnmnjat'ion of Shijos . — In a paper read bofon* tln^ London section of 
the Society of Chemical Industry Dr Monier- Williams gave an account 
of experience gamed during two years in th(‘ luinigation o( ships for 
the purpose ot destroying rats and vermin, with hydrogen cyanide 
(prussic acid gas). He pointed out that poisoning and trapping can 
never account for the whole of the rats on a ship, wh(‘reas fumigating, 
if properly carried out, can do so In the ])ast, sul[)hnr dioxide had 
largely been used, but the United States Quarantine Regulations of 
1920 required all vessels engaged in trade with fondgn jiorts to be 
fumigated every six months This necessitated the fumigation of the 
passenger quarters of Transatlantic liners, for whicdi ]niri)OHe sulphur 
dioxide could not he used, owing to its corrosive action on furnishings 
and decorations. Hydrogen cyanide was first usihI hi 1800 in the 
orange orchards of California and Florida; in LSOS it was used by the 
Cape Government Railways for bugs and lic(‘ in sle(q)ing carnages, 
it was used m India by (iol Glen-Lister in 1899 and in rjuarantme 
work in Porto Rico in 1910. Since the war, the use of HC^N became 
general, especially in American, Australian, and Italian })orts. Dis- 
cussing the properties of hydrogen cyanide, Dr Monier-Williams 
said that the toxicity of it is not so great as was fomuTly imagined, 
and possibly 1 part in 10,000 of air, or even a higher concentration, 
could be breathed with impunity. At the same tmi(‘, beyond 1 part 
m 2000 of air its action was rapid, and 1 in 500 would probalily kill 
a man instantly. HCN, however, is not an irritant. Tliere was not 
much sinoll and the critical point is not easy to r(‘C(>gniz(*, Thus the 
precautions necessary were, more elahorati^ than with SDo, and the 
great essential of fumigating by tins method is the most careful 
organization of the work. The various methods by wliudi J1C!N can 
be used were described, the simplest being to pla<*(‘ tubs in various 
yiarts of the ship containing 1 1 parts by weiglit of sulphuric acid to 
1 part ot water, and to hinge, on the sid(*s of the* tubs, l)()X(‘s con- 
taining solid cyanide, these boxes being tijiped up by means of a cord, 
so that their contents fall into the tubs and so cause tlic liberation 
of HCN. Accidents have occurred in for<*ign ports by the use of 
HCN, but mostly through negligence in adopting the most ordinary 
precautions Among other methods is a vSolution mc‘tho(l in which 
the cyanide is previously dissolved in water and the solution poured 
through funnels on deck through rubber hose pip(*s l<‘ading to the tubs 
below, and on the whole it was suggested that this is preferalde 
Potassium Sulphocyanide, KCNS. — Preparation.- Sulphocyanides 
are produced by the action of sulphur, or a bo<ly capable of producing 
sulphur, on cyanides Potassium cyanide, or even yellow prussiate, 
fused with sulphur is converted into potassium sulphocyanide thus : 
46 grammes of yellow prussiate are heated to jiasty fusion with 
17 grammes of potash and 32 grammes of sulphur; after cooling, the 
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mass IS crushed, treated with hoilmg alcohol, filtered, and evapo- 
rated 

Properties.— If sulphocyamde has certain analogies with cyanide it 
IS far from being as poisonous It paralyses the action of the heart 
(CL Bernard and Pelikan) 

Action on Plants. — Mouillefert treated several plants with KCNS — 

(1) Expenments on Adventitious Plant Weeds — In a space 16 
inches square on which there were young plants of Mercunahs annua, 
AmamntJms hlitum, Senecio vulgans, Sonchus oleraceiis, Polygonum 
aviculaie, Mouillefert placed m six holes, 6 grammes, say 91 grains, of 
KCNS, dissolved in a litre of water (6 parts m 1000). Next morning 
all the young plants were dead The adult plants had suffered greatly. 

(2) Experiments on Healthy Vines in Pot — Half a gramme of 
KCNS in 250 cubic centimetres ot water (1 in 500) and spread round the 
stock killed it in five days. KCNS thus has a very injurious acrion on 
plants, an action almost equal to potassium cyanide As it does not act 
by its vapours, its action on the plant depends solely on the permeability 
of the soil for its solutions This explains why equal doses do not 
always produce identical effects. The same applies to aqueous solu- 
tions of all stable salts, Kranch treated barley with (NH 4 )CNS, and 
found that a 1 per cent solution killed this plant 

Action on Fungi. — Sulphocyanides do not act like cyanides (Hitch- 
cock and Carleton). A 1 per cent solution used m immersion for 
twenty-four hours did not prevent the uredospores of Puccima coronata 
from germinating. 

Action on Insects. — Mouillefert treated phylloxera-infected vines 
with a dilute solution of KCNS, An infected pot plant was watered 
with the dose recognized as capable of killing the vine, say 0 5 gramme, 
dissolved in 250 cubic centimetres of water Whilst the vine was 
poisoned the phylloxera were uninjured. Sulphocyamde, very ener- 
getic on plants, is thus with the same dose without action on the 
phylloxera and cannot be used against it. 
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BARIUM CHLORIDE — BARIUM SULPHATE — BARIUM CARBONATE — BARIUM 
SULPITOCARBONATE — CALCIUM OXIDE (QUICKLIME) - CALCIUM SUL- 
PHIDE — CALCIUM CHLORIDE — CALCIUM CIILORO-JIYPOCIILORITE 

(BLEACHING POWDER) — CALCIUM SULPHATE (OYPHUM, PLASTER 
OP PARIS)— CALCIUM SULPHITE— CALCI UM C ARB 1 1 ) E— CALCIUM 

PHOSPHIDE — CALCIUM ARSENITE — CALCIUM ARS ENAI'E — CALCIUM 
CYANIDE 

Barium Chloride, BaClg. — Preparation. — By tr(‘atin<i: barium car- 
bonate (Witherite) with dilute hydrochloric acid Carlioiuc acid is 
given off and barium chloride crystallized as small rlioniboidal lamella 
formed with two molecules of water of crystallization. 

Properties. — Barium chloride is soluble m watiu*, 10 gallons of 
water dissolve 4:5 lb. at 15° C. Its taste is sharp It is so jioisonous 
that i — 5 grammes, say 60 — 75 grams, according to Parkes, kill a man, 
on whom it first induces general weakness, then paralysis. 

Action of Barium Chloride on Plants. — WJicu ])lants watered 
with barium chloride in 0 05 — 0 5 per cent, solution, clilorosis is induced 
and lesions occur on the roots. This action is more pronounced the 
younger the plant, and likewise vanes with th(i naturtj of the plant. 
Barium chloride behaves like common salt and like carbonat(i of lime. 

Action on Insects. — It a[)j)ears to be v(*ry poisonous to insects. 
Absorbed with food this salt kills them as rapidly as arsenical pre- 
parations. 

Use against Plant Diseases. — ^Maravek recomtuends 2 ]>er cent, 
solutions to kill injurious insects. G Staes uses it with success against 
the ravagers of young be(‘ts, and especially against the altiscs winch 
sometimes completely devour the young leav(ss. Young ]>lants support 
a few days after sprouting a 2 per cent, solution of HaOl^, and when m 
leaf a 3 per cent, solution. Three sprayings kill coleopterous parasites. 
Mokezecki recommends spraying with BaCla to destroy tlie grub of the 
following ravagers : Amsoptenx cesculariay Schiff. ; Htbernta marginaria^ 
Bk. ; E, dejdiaria, Cheimaiobia hrumata, L. ; U 70 j)us uhni, Himera 
^ennaria, Phlacetonodes siiciicaltSf and Hy'ponomeuia malinellaj Zell. 
They recommend the use of this salt according to circumstances in 1 1 
to 2 — 3 per cent solution, adding 12 per cent, of sodium carbonate to 
give adherence to the liquor by the resulting barium carbonate. The 
action of this product on the grubs makes itself felt after four hours, 
whilst emerald green under similar conditions requires twenty-four 
hours to act. This poison, very deadly to grubs and insects, would 
appear to be harmless to the plants treated, fox neither the leaves nor 
the fruit appear to suffer in contact. It is, however, costly and very 
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poisonous ; it must, therefore, be used with great caution, especially on 
meadows used as pasture for domestic animals. 

Weevils} — Still recommends BaClg to kill them 

Pentelus giiseus (vine weevil). — Stromer remarks its presence on 
the hop, and recommends spraying with BaClg solutions to kill it. 

Phorodon liumih, Schiank (hop aphis, green-fly). — Metzger kills this 
louse by spraying with 1 per cent solutions of BaClg. The results 
obtained have been very satisfactory, and he regards this salt as more 
efficacious than extracts of quassia As aqueous solutions of BaClg 
want adhesiveness, Metzger recommends a paste of 2 per cent of 
barium chloride and 1*5 per cent, of soft soap Eight days after 
treatment the aphides had entirely disappeared 

Against Pteieneus ribesii successful sp»raying has been done with a 2 
per cent solution of barium chloride The addition of 1 per cent of 
lime was found convenient to indicate the area treated. 

Poison-baits are very eflective against millipede, Blaniulus guttatiis, 
Gerv., if the bait is pieces of potato previously soaked for half an hour 
in a 5 per cent, solution of barium chloride or in a J per cent, solution 
of arsenic. 

Rodents — Barmin chloride acts on rodents like carbonate of baryta. 
To exterminate them Hilnci places bread dipped m barium chloride in 
their runs. 

Barium Carbonate, BaCOg —Preparation,— By precipitating solu- 
tions of barium chloride by carbonate of soda. The natural carbonate 
(Witherite) is not used as such. 

Properties. — Poisonous, insoluble in water 

Use. — Largely as poison for the rodents which ravage cultivated 
land. One pound of bread is mixed with f oz. of sugar and ^ lb. of 
precipitated carbonate of baryta , the mass is kneaded and then divided 
into about 2000 pills (Ressler). One lb. of barley meal is kneaded 
with lb. carbonate of baryta and the amount of water necessary to 
make a stiff paste and divided into pills and laid in their runs (Crampe). 

Barium Sulphocarbonate, BaCSg — Preparation. — By treating a 
concentrated solution of barium mo'nosulphide by carbon disulphide, 
solid barium sulphocarbonate is deposited. 

Properties. — Barium sulphocarbonate is a yellow salt slightly 
soluble in water and resists the action of the carbonic acid of the air 
for some time , it is more stable than alkaline sulphocarbonates, but it 
is equally poisonous to plants, and has equal powers as an insecticide 

Use. — Phylloxera vastatrix. Planch (phylloxera of the vine). — 
Mouillefert examined its effect compared with alkaline sulphocarbonates. 
Two vines were stripped down to the large roots and treated with 75 
grammes (2| oz ) of barium sulphocarbonate , the first was not watered 
m any way, whilst the second was immediately watered with 6*5 litres 
of water, say 1^- gallons. With the latter the result was perfect, whilst 
on the roots of the first a large number of undestroyed parasites were 

1 CuRCUiJONfDES (weevils) — Cloleoptera chaiacterizod by a prolongation of the 
interior part of the head called the beak or rostrum , the foim of the body is bomb- 
shaped, for the elytra always surround the lower part of the abdomen. The larvae 
are polyphagous, they live in the inteiior of the vegetable tissues (fruits, roots, 
stems, buds, seeds). 
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found Barium sulpliocarbonate exists a long time in the soil without 
decomposition, and if not dissolved by heavy ram its action is too slow, 
and IS not transmitted to the deep roots. The latter are not therefore 
surrounded by a sufficiently poisonous atmosphere to kill the phylloxoia 
and the results are had. 

Calcium Oxide (Quicklime), CaO— Occurrence— Widely in iiatuie, 
chiefly as carbonate, sulphate, silicate, and phosphate of lime. 

Preparation. — Quicklime may be made from carbonate^ of luxn\ 
either in the pure state as marble or chalk, or impure as marl or lime- 
stone. Limestone is burnt in lime kilns by heating it gradually to a 
red beat. This beat, kept up for three days on an average, decomposes 
the limestone into quicklime and carbonic acid. 

CaCOa = CaO + COg. 

As soon as the burning is finished and the mass cooled, it is packed m 
casks, and hermetically sealed so that the air does not aflect it by its 
carbonic acid and moisture 

Properties. — Lime is converted by the action of wat(n* into liydrate 
of lime (CaOHa) or slaked lime. In slaking, the lime gives of! much 
heat and swells or increases in bulk In contact with carbonic acid 
calcium hydrate is converted into calcium carbonate (dadOjj). Milk 
of lime exposed to the air does not keep more than two to throe months, 
and gradually loses its caustic properties Lime is very slightly soluble 
in water, which only dissolves at the ordinary temperature 0* 11 per cent. ; 
hot water only dissolves 0-1 per cent. Lime stirred up with water 
remains suspended, and forms a milky liquid, milk of liiiic.” This 
milk IS the fatter, the more pure the lime from which it is made, ''rhore 
are two sorts of lime, fat lime and thin lime The first co^u^s from tlie 
burmng of almost pure limestone, such as chalk or marble ; it is white, 
and gives off much heat on slaking and increases two or tliroe times m 
bulk, it forms with water a fatty and binding paste. Tliin lime, on 
the other hand, is produced by the impure limestones referred to abov(i , 
it is grey, and disengages little heat on slaking, mixed with water it 
hardly swells and forms a short paste. For agricultural purpos(‘s, and 
particularly for agricultural medicine, it is necessary to choose a fat 
lime, which yields on slaking a very caustic impalpable powder, which, 
stirred up with water, yields a milk with great adhcrcmcc. To iruToase 
this still more, a little cement, bullocks’ blood, potters’ clay, or cow dung 
is added The white colour, often too glaring, is subdued by stirring 
a little lampblack into the milk of lime. 

Action on Plants. — ^Milk of lime is a strongly alkaline firofluct 
which behaves to plants like alkahne liquids, that is to say, it mjurc‘s 
the young buds but is without action on the adult orgaiiH. (Jelluloso 
is not attacked by lime, so milk of lime may bo used with impunity 
in spraying on the difierent parts of adult plants, and the strength of 
this milk of lime may be increased at will. There are, howeviir, some 
exceptions Sorrel, for example, does not stand its action; the sam<^ 
applies to mosses and lichens, the growth of which recjiures miujli 
moisture, are quickly destroyed by lime and especially by quicklinu*. 

Use against Fungi. — ^Alkaline substances have a decided but w(‘ak 
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action on fungi spores This property was utilized in the beginning of 
last century to destroy the spores of smut and bunt , at that time no 
substance fit to render the same service was yet known, and lime was 
officially recommended by the (French) Government although it had not 
given very complete results. The chief advantage was that the method 
did not injure the seed. However, Phillipar found that after this 
process had been applied, and although all the grams were uniformly 
covered with lime, the resultant crops still gave 260 bad ears per 1000. 
Girardin likewise found 112 bad ears per 1000 after macerating the seeds 
for twenty-four hours in 1 per cent milk of lime Loverdo believes that 
this bad result is due to the cellulose nature of the exospore of the 
UUilaginecB which opposes a resistance to the alkaline action of lime 
According to tests by Kuhn the spores of the bunt of wheat, Tilletia 
cm les, resist milk of lime for five hours, but after twelve hours’ immersion 
they have lost their vitality. Bolley does not believe in lime as a dis- 
infectant. Slaked lime in powder had no appreciable action, but 
immersion for twenty-four hours in a milk of lime gave a result especially 
on addition of a certain amount of common salt. The following, accord- 
ing to Mathieu de Dombasle, is the comparative result of this treatment 
(bad ears in 1000) earned out in various ways : Blank wheat, 486. Wheat 
covered with lime powder, 476. Wheat moistened with milk of lime, 
260. Wheat immersed for twenty-four hours m milk of lime, 21. Wheat 
immersed for twenty-four hours m milk of lime of 2 5 per cent, strength 
and 4 per cent, common salt, 2 The effect of lime is thus very per- 
ceptible, but as soon as common salt or sulphate of soda is added the 
effects are much more complete. Lime is not now used alone to dis- 
infect cereal grains, but is an indispensable aid to this treatment. 
Its chief role is to neutralize the disastrous effects of the poisonous salts 
on the germmative capacity of the seed and to fix the anticryptogamic 
products m an insoluble form on the surface of the seeds. By treating 
with milk of lime seeds which have been steeped m a solution of blue 
vitriol, the action of which is very injurious to the vitality of the seeds, 
this salt is converted into copper hydrate. The latter, mixed with 
sulphate of lime, forms round the grams a deposit of preservative 
matter, so little soluble as not to be washed away by the water in the 
soil and capable of preventing the germination of the spores adherent 
to the surface of the grain as well as the invasion of filaments of bunt 
which might be present m the soil. The spores of Phyioplithora infestajiSy 
de By. (potato disease) resist milk of lime ; the latter is incapable of 
arresting the development of that disease Rust of wheat likewise 
resists the action of lime even m heavy doses and in mixing it with 
equal parts of sulphur 

' Hitchcock and Carleton have, however, found that lime paralysed 
the growth of the uredospores of Puccima ruhigo vera, Wint. (rust of 
wheat). But lime has no efiect on Hypomyces permdosus, Magnus,, 
mole disease of the mushroom. Used to combat the Gmgnaidia 
Bidwelli, Viala et Ravaz (black rot of the vine), lime gives fairly good 
results. Galloway obtained by this method an appreciable diminution 
of bad seed : on the untreated plot 45 per cent, of diseased seed, on 
the limed plot only 20 per cent, of damaged grain. Debray also regards 
the liming of the vine as a cure for Gloesporium ampelophagum, Sacc. 
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(grape rot), Bobytis cmeteri^ Pcrs (the nobl(‘ or grey rot ol tli(i vuie) 
Sorauer advises to spread quicklime on the grapes m aiitiinin as soon as 
this mould appears 

Gummosis of Stone Fniit Tiees 2— Sorauer advises liming tin' ground 
strongly around the trees attacked by this disease so as to rend(‘r tlio 
soil drier and warmer, an essential condition in count(‘ra(‘ting this 
disease Wiesner regards this diseased condition ot tlio iro(‘s as due to 
the development of a special ferment, a species of diastase J>(‘ that as 
it may, a good result is obtained by spreading liinc in the autumn at the 
foot of the trees. If the trees in a moist soil suffer from cankm- or rot 
of the roots, the roots must be stripped, lime spread betwerm tlnmi, and 
the soil drained. This treatment leads to a perceptible improvement 
m the diseased condition of the tree. 

Rhzoctima molacea, Tnl. (ihizoctmia of the beet) - Frankel recom- 
mends to spread slaked lime in powder on the fields to diminisli the 
number of parasites Here again lime only acts directly as on mush- 
rooms by changing the conditions favourable to their development; it 
arrests their growth and imparts to the plant by converting tlui humus 
mto assimilable matter the capacity to resist disease better. Unfortu* 
nately it is alleged that lime, whilst it diminishes the amount of those 
parasites, favours the development of other and not less formidable 
beet diseases, e j., Phoma tabijica^ Prill, and Dela. (clisoasi* of the petioles 
of beet leaves). The alkalinity of the medium in a w(‘t sfiil exerts a 
generally favourable influence oil the development of the bacterian 
diseases of plants. Some authorities regard linn* as favouring potato 
scab considerably. To reduce these diseases it is on tlie contrary 
useful to render the medium acid, say by green vitriol or by “sul- 
pharme,’’ which contains 15 per cent, sulphuric acid. 

Ofliidbolus gramimsf Saco. {P^etin), (disease of wlu*at stalk). — 
Sance advises as a cure to sow by hand 176 lb. of (piicklune per acre as 
soon as the disease appears. Marenghi recommends (|uickijme as a 
preventive; he advises to spread 3 — i cwt. per acre and to harrow Die 
ground slightly afterwards. 

Tobacco Leaf Spot — ^Van Os, to prevent this disease, jiloughs in 

^ Botrytis cineeea (grey rot of the vine) Vine tiderolinm,'" In «i luirnul and 
warm medium this fungus, generally saprophytic, attaches itself to tin* arid 

the young buds of the vine , the young Bunches of grapes may, 1 rkowisrs he at f ardvcd 
at the time of flowenng; but it is chiefly when the grajios arc half-grown that the 
packed and compact grapes are destroyed by this fungus. The graiios attaclv(‘d 
first assume a dirty tint, then surface tarnishes, they \\ ither aiui hcecnnt' ( evened 
with a velvety grey which characterizes this disease. W'hcn the Jioltyhs rlc^vr^lops 
only on ripe grapes it causes no damage; it then improves the quality of the wort. 
The green mould does not attack the vine alone. On a number of plants on w hieh 
at the outset the stems are seen to become brown, fade, and wnther v^'ltilout iippnnsit 
cause, the medulla contains Sclerots which produce conidiophoies <jf IJofialH 
covering the damaged organs with an ashy, velvety gioy. 

2 GuMMOsis OP Stone Bruit Trees (cherry loat spot) — 1’he fnngiis ('on/finiw 
Beyerinchii is regarded as the chief cause of the gum of stone fruit tree's, Known 
under the name of spot of stone fruit trees 

® Ophiobolus geaminis (disease of the lower part of the stem of wheiit) — 
Laid w’heat is due to the invasion of the wunter nodes nearest the sful hy fnugu.s 
w'hich, in damaging the stalk at the level of the soil, is often the oaus(i of’ the laying 
of the straw of cereal crops. The mycelium develops in the interior and tin* c*\tei lor 
of the tissue. 
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11 bushels of quicklime per acre. He thus brought down the proportion 
of diseased plants to 7 per cent , whereas it was 100 per cent, in the 
unhmed plot. 

Plasmodtojphom hassiccc, Woronme (finger and toe) — Lime is 
an excellent means of preventing the spread of this fungus Nijpels 
advises to mix the infected soil with half a litre of lime per square metre. 
Seltensperger applies the following treatment During and after 
transplanting there is deposited at the foot of each cabbage in a sort of 
deep cup, of 6 — 10 centimetres, made for the purpose, a big handful of 
quicklime which is covered with earth to the level of the surface. Of 
600 cabbages and cauliflowers treated thus none were attacked by the 
disease, whilst the untreated plot was seriously compromised, 25 per 
cent, of the cauliflowers and 50 per cent, of the cabbages were attacked. 
Halstead who advises this treatment in America believes that it has a 
preferable effect on plants to that of Bordeaux bouillie, corrosive 
sublimate, blue vitriol, kainitc, hut it is necessary to use at least 2 tons 
8 cwt per acre. 

Use of Lime against Nematodes. — ^Lime in strong doses is a cure 
for these worms. Lime spread on the surface of the soil changes its 
characters entirely. The humus (mould) sought after by these worms 
being transformed the soil does not any longer present the conditions 
essential to their growth. The evolution of the nematodes is, moreover, 
arrested by the alkalinity of the soil. Although lime, and especially 
quicklime, may disinfect the soil and thus improve certain crops it 
cannot replace carbon disulphide, which according to Girard destroys 
more surely all the nematodes in a field. 

Heterodera Schachtii, A. Schmidt (nematode of tte beet) — Hollrung 
found this nematode very sensitive to the action of lime, and that by 
mixing 1 part of quicklime with 4 — 6 parts of soil these nematodes 
were destroyed. Kuhn advises applying the lime in autumn, as in 
that way whilst diminishing the number of nematodes the lime trans- 
forms the humus into assimilable matters and enables the more vigorous 
beet to reconstitute its radicular system attacked by the parasite. 

Tylenchus demstatnx, Kuhn — The liming of seed-corn is without 
effect against these, and disinfection does not diminish this disease, as 
the insects are polyphagous and even saprophytic. These insects live 
on the most diverse plants, causing very different diseases, chiefly on 
onions, clover, potatoes, poppies, etc Weiss advises to burn the stems 
after harvest and dust the fields with quicklime and apply mineral 
manure in abundance in the springtime 

Use against Insects. — Few insects are sensitive to the alkaline action 
of lime, yet those with soft skins and delicate larvae do not resist milk 
of lime or powdered quicklime, which they particularly dread. Lime 
thus forms an excellent medium for fighting these parasites. But in 
most cases lime has only a mechanical action on the spot occupied by 
the insect. 

Perroncito^s experiments on the eggs of Bonibyx movi, L., have 
proved that milk of lime cannot kill the latter, for the eggs of this 
bombyx are capable of being perfectly hatched after steeping in milk 
of lime for twenty-four hours. In spite of this harmlessness, milk of 
lime is used in arboriculture, for the lime- washing of the trunks is an 
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excellent metLod of dimimsliing the number of these parasites Tin* 
previous cleaning of the trunks removes all moss, lichens, and bark 
^Lich formed so many refuges in which the insects and their larvm pass 
the winter and eggs are laid It plays as great a lole as the liming 
itself All the hiding-places preferred hy these parasites are destroyed, 
and not knowing where to deposit their progeny they arc obliged to seek 
refuge elsewhere Against coccids lime exerts a special mechanical 
action; their shell, covered by a thick layer of lime, is, owing to the 
contraction of the lime, detached from the branch on which it was fixed, 

thus causing death i 

Liming of Trees.—This practice advised by Elanclier(‘ is a viny 
good one for it frees the trees well from parasites. The strength of 
the milk of lime may be increased to a thick paste without injuring 
the tree. To secure good disinfection it is better not to use milk oi lime 
alone but mixed with tar and naphthalene as advised by Ealbiam. 
To complete the work of liming it is well to collect and burn all the 
broken particles of bark and to bury with quicklime all the fallen fruit. 
As it slakes the lime destroys the parasites by the heat given off. By 
this means the number of anthonomes, chcimatobias, and cvim HvJnzo- 
Pleura lanigem (woolly aphis) are greatly dimmishod. Th(i r(‘siilts will 
be more complete the more regularly the liming is rcpeat(‘d. 

Lime wash for fruit trees (British Ministry of x\griculture formula) 
Best stone quicklime 10 — 15 lb., water 10 gallons. Blake the lirni* witli 
a little water, add the rest of the water, with thorough stirring, and 
strain carefully into the spraying machine. 

Scolytides ^ — The Bostrichi and the Hylesini, injurious to conif(‘rH, 
the scolytides, injurious to deciduous forest trees, cannot be (l(‘stroy(‘(l 
by liming the trunk, but regular whitewashing with lime may r<*niove 
them. Again whitewashing with thick and pliant lime in autumn 
after scraping the tree stops the exit orifice of the scoly tides and renders 
the bark less accessible to the female m winter. Eohert advises suinnuT 
limmg. If during summer a tree is badly infested Ijy these insects 
there must he no hesitation m making longitudinal cuts or a .surfa(*.e 
barking, takmg care immediately afterwards to coat the wound or thfi 
trunk with milk of lime. But when the tree is too far gon(‘ it is jirci- 
feiable to fell it and burn it, taking care to protect all tlu^ adjacimt tr(H\s 
by liming or with the coating described further on. Tins operation, 
extensively applied in Austria, consists in painting the trunks and 
even the branches with a mortar made thus • Macerate Ih. of tobacco 
m 1-1 gallons of hot water kept at a rather high heat, arid 1 1 11). of ox 
blood, and 11 lb. of lime and cow dung to a pasty consistfmcy. The 
trunks and branches are coated several tunes with this composition 
until a hard weather-resisting coat is formed. 

Amongst the better-known scolytides there may be quot(‘d Ecropfo- 
gaster Ratz. (scolytus of the plum) E reguloms,'^ Kocli. 

^ Scolytides. — ^The scolytides arc small-sized Coleoptera, winch the mini fan* 
and natnie of their depredations render very injurious to forest and fruit tre(‘.s 
bore holes of various shapes, for the most part between the baik and tlic wood, in 
which the female lays its eggs. The larva? bore secondary holes, which sonicf nnes 
penetrate directly and deeply mto the wood 8colytcjs oi? the Pllm HudytnH 
pnini—lt ravages plums and apple-trees The foliage of the invaded trees is 
scanty, their growth is sickly, and they do not yield fruits. 
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(rugose scolytns). E. Bcolytm^'Rdi.tz (elmscolytus). HyJesinns oliperda 
(Lylesmus of the olive-tree, cirai, taragiion). Tomiciis Jicus, Er. 
(bostnch of the fig) Tomicus mon, Aub. (bostrich of the mulberry) 
Bostnchus disjpar'^ (apple bark beetle), Hllw , and B, saxesim, Ratz , 
both injurious to fruit trees All these scolytides may be removed by 
the above treatment. 

Colasjpidema ater,^ 01 (negril) — ^Debray recommends the liming of 
lucerne the moment the young larvae commence their inevitable invasion, 
but, so as not to be forced to lime all the field of lucerne, it is well to 
mow it prematurely and only leave a small strip of lucerne where all 
the larvae will take refuge , this strip is then limed. 

Anthonomns Boh (anthonome of the pear) ; A, pomonim 
(apple blossom weevil) — Poubelle limes the trees in autumn with a 
mixture of lime 22 — 33 lb., flowers of sulphur 22 lb , gelatine 6 6 lb., the 
whole mixed with water to a thick paste which is spread on the trunks 
after removing the moss 

Haltica ajupelojphaya, Geur (altise of the vine) — The green altise 
which ravages the leaves of the vine may be destroyed by projecting 
powdered lime on to the vines (Audibert) 

Cnocens aspamgij L. (asparagus beetle). — Vial advises dusting 
the asparagus with impalpable slaked lime, preferably in the morning 
dew. 

Agoiotes lineatus, L. — If lime is not directly injurious to the larvae 
of this insect spread on the fields, it helps greatly to diminish their 
numbers. According to Schilling, annual liming yields still more 
complete results This improvement is due to the transformation 
effected by the lime on the soil, which after having been wet and charged 
with humus favourable to the evolution of the larvae becomes drier 
after liming and unfit for their development. 

Gryllotalpa vulgmis (mole cricket). — In Italy this orthoptera is 
removed by liming at the rate of 16 cwt. to the acre 

The larvae of some Hymenoptera are very sensitive to lime 

Ptereneus ventncosus, K1 , N, vibis, Scop, (the gooseberry and 
currant saw-fly) — Lime in itself forms a good means of destroying their 
larv83. Firor, however, prefers a mixture of 44 lb of lime and 2-2 lb. of 
powdered tobacco which he spreads on the shrub after moistening it. 

Selandna [Enocamjpa) adumlrata, K1 (slimy caterpillar, slimy larvae 
of pear saw-fly). — Lime forms an excellent means of destroying this 
sticky larva which skeletonizes the leaves of the pear. 

Amongst the Lepidoptera a few may also be combated by hme 
The large white garden butterflies are destroyed by dusting freshly 
slaked lime on plants and then watering them (Vial). 

Cheimatobia hmmta, L. (the winter moth, Evesham moth), Sesia 


ScoLYTXJS (Rugose). Eccoptogaster regiClosus — It preferably attacks small 
branches and limbs. The perforated parts of the tree turn yellow and die Plum- 
trees are especially chosen by it 

^ Bo&thic’IIUS (Borcis) — Small Coleoptera belonging to the family of the 
Scolytides, distinguished by their cylindrical and bomb-shaped body, by their 
thick head drawn back into the thorax 

® OoLASPiDEMA ATER, — Black lustrous, 3 millimetres long. The colaspideina 
IS a plague of the lucerne fields of the south of Prance. 
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myomformis, Bkl. (sesia of the pear), GrapJiohfha Wr^heriann,^ W V — 
The Inning of the trunks prevents the females of these butterfljes from 
depositing their eggs. The caterpillars of the last two butterflies may 
be destro^d by plastering the trees with a thick milk of lime mixed 
with clay (Taschenberg) and applied at the tune the caterpillar is 
making its ravages 

Tingis fin— This Hemifte^a has been successfully combated hy 
lime, which ought to be applied as a whitewash in February. TJie 
Homopeia have likewise been fought by lime with more or less success, 
for here again it is still by its desiccating properties that it es[)ecia]]y 
acts. By using milk of lime as thick and hot as possible the crmtraction 
of the lime detaches the coccides and kills them at the same time But 
a good result is not obtained unless care is taken to prune the tree and 
clean it from top to bottom. Thus cleansed and covered with a lay(*r 
of lime the tree is not attacked by coccides, and the fiimaginc (fruit 
tree smut) which only lives on the dejections of these insects is avoiderl 
Liming is thus an indispensable operation in arboriculture and it gives 
good results if renewed each year. 

Coccus vitis, L (red coccis of the vine, vine scab) — Wint(‘r is the 
best tune to attack coccids, for that is the time tliat tlieso uis(‘(*ts got 
on to the trunks to lay their eggs. Bellot dcs Muiioros advises aflor 
pruning to clean the trunk completely, including scraping and caridul 
barking It is then whitewashed with lime, which jirotccts it against 
these insects 

Aspidiotus permciosus, Comstock (San Jose louse).— To combat this 
coccis the Americans replace lime by a mixture of salt, sulpluir, and 
lime, sold as “ salt lime and sulphur wash.” Applied in winter on tin', 
trunks of trees this mixture forms a hard crust which prevents tlui 
rejiroduction of this insect (see below, p 158) 

Schzoneiira lamgera, Hausmann (woolly aphis). — Muller advises 
coating the ulcerated spots infested by this aphis with milk of lime aftf^r 
having completely cleaned them. To destroy the woolly aphis, which 
live underground around the stock and the roots, Goethe advisees to 
strip the trees m autumn or winter to a depth of 2 feet, and watcT them 
copiously with milk of lime. A layer is then made 3 centimoi.res, say 
. 1-2 inches, thick of quicklime, then the earth is covered in, Taschen- 
berg finds this method very efficacious. To combat (freen lice^ Arl)rinjer 
advises liming the whole tree m winter or spring If an insect-ndde be 
added to the lime, such as tar or naphthalene, success is completi*, 
for in that case the eggs of the louse are killed at the same time as those 
of the most diverse insects. Balbianfs mixture, as well as milk of Iim(‘, 
IS incapable of preventing the opening of the buds, wdiich are tlius 
protected against insect attacks. 

L%maces (snails) are also killed by lime. If it is a cas(! of destroying 
snails on plants, freshly slaked lime is blown on to them from a belkiws. 
Each snail touched dies forthwith. The best time for this operation 

* Grapholitiia WosBEBiANA (tinea ot stone-fruit trcos) ; Torthtx porapsa) 
WcEBERiANA— The Caterpillar of this microlepidoptora perforates the bark of 
plum-trees, peach-trees, apneot-trees, and almond-treos, pcnotrat(‘s into tho 
alburnum and there undergoes metamorphosis. It kills tho bark by the wounds 
it produces ; it causes canker and a flow of gum. It prefers the poach and the plum. 
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IS early in tlie morning, or in the evening a little after fall of clay In 
vineyards, the buds are protected against small snails by spreading 
slaked lime in powder on the stock, and laying a tiain ol lime, 7 — 8 
inches, around each stock In the fields, lime is shown by hand at the 
rate of 25 — 30 bushels of slaked lime per acre In destroying snails 
lime spread as an impalpable powder gives the best results. The 
operation is repeated several times if it is desired to reach all the snails 
Lime used against snails tends to be replaced by nitrate of soda, tobacco 
powder, but especially by a 3 — 4 per cent solution of blue vitriol. This 
solution IS sprayed on the plants at the time the snails are on their 
rounds , the snails which are attacked die immediately and those which 
pass on to a branch covered with blue vitriol are likewise poisoned 

Use against Mammals. — According to Taschenberg, plants are pre- 
served from rabbits, hares, deer, by coating with lime It is preferable 
to add strong smelling substances, such as petroleum, aloes, lard (rubbing 
a skin of lard against the trunks of 100 trees suffices) To impart more 
adherence and thickness to this paste, it is well to add cow dung and 
thin it down with purin Seed can be protected against mice by coating 
them with a thick milk of lime and spreading petroleum thereon. They 
are then sown immmediately after this treatment. Such seed are not 
attacked by rodents. 

Late Frosts. — Lime is successfully used against late frosts. When 
frost is to be feared, slaked lime m powder is spread on the buds of 
vines and fruit trees from a bellows so as to cover all their surface. 
These buds well covered with lime will not be attacked by the frost 
nor burnt by the sun striking them afterwards. With fruit trees it 
IS necessary to operate before the blossoming of the flowers, or after 
fructification has taken place. 

Calcium Monosulphide. — Preparation. — (1) By heating lime in a 
current of sulphuretted hydrogen, (2) by heating a mixture of sulphate 
of lime and charcoal, (3) by boiling milk of lime with sulphur; the 
polysulphides arc so prepared, but by using larger proportions of sulphur. 
The product obtained by boiling milk of lime with excess of sulphur is 
called calcareous liver of sulphw. The paste bouillies employed to 
combat ])lant diseases are of very diverse compositions, and contain 
either a basic monosulphide or a monosulphide or polysulphides of 
calcium. They are generally prepared by boiling a milk of lime with 
flowers of sulphur, until the latter is completely dissolved. After cooling 
there are incorporated as occasion requires very diverse substances, 
such as glycerine, soft soap, copper salts, naphthalene, etc. To prepare 
and preserve these pastes, enamelled vessels are used The bonillie 
recommended by Mohr is the one most in use It is made thus : 22 lb. 
of quicklime are slaked, then made into a milk of lime and run through 
a sieve, on the other hand, 11 lb. of flowers of sulphur are stirred into 
2-2 gallons of crude glycerine ; the two liquors are mixed and the bulk 
made up to 22 gallons of liquid which is boiled for one hour over a small 
fire. A concentrated solution is thus obtained marking 18 — 20*^ Be., 
which IS appropriately diluted when required for use, to suit it for 
particular purposes, with 10 — 12 parts of water. It is best to dilute 
it with a milk of lime of 0-5 per cent, strength CrouzeTs anticrypto- 
gamic is prepared thus : 14 oz. of lime are slaked and the milk of lime 
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therefrom run through a sieve, 35 oz. of sulphur added and the wliohi 
completed with water so as to produce 150 oz of houillie When a 
homogeneous mixture is obtained, it is brought to the bod for an hour, 
care being taken to replace the water evaporated. The solution is 
filtered or decanted; it marks 20° Be , 0 1 oz. of naphthalene is added 
and 2 oz. of hyposulphite of soda, and the whole completed with water 
to 100 gallons. This preparation is used as it is against the cryptogamic 
diseases of the vine 

Numerous methods of preparing lime-sulphur wash, as followed 
by practical orchardists, have been investigated by the U H Bur(‘au 
of Entomology, or tested by it in the course of its experimental work. 
The following formula and method of preparation have uniformly 
resulted m a satisfactory wash, and are quite simple — 

Lime 20 lb. 

Sulphur (flour or flowers) 15 lb 

Water to make 50 galls. 

Pteparation — Heat in a cooking barrel or vessel about oiie-third 
of the total quantity of water required. When the water is liot add 
all the lime, and at once add all the sulphur, which should })r(‘viously 
have been made into a thick paste with water. After the hrne has 
slaked, about another third of the water should be added, preferably 
hot, and the cooking should be continued for an hour, when the hnal 
dilution may be made, using either hot or cold water as is most con- 
venient. The boiling due to the slaking of the lime thoroughly mi.xes 
the ingredients at the start, but subsequent stirring is ii(‘ 0 (‘ssary if 
the wash is cooked by direct heat in kettles If cook(*d by steam no 
stirring will be necessary After the wash has been prepar(‘(l it must 
be well strained as it is being run into the spray pump barrf*I, or tank 

The ingredients of the wash, in proper proportion, arc )>oil(‘(l to- 
gether in water, by which means chemical action between th(» lim(‘ 
and sulphur is brought about, producing in solution tin' insc'ctieidai 
properties of the wash, the extent of chemical action depending directly 
upon the length of time cooking continues From 15 minute's to 
an hour of vigorous boiling will put practically all of the sulphur 
into solution, and preference should be given to th(‘ latte'r fjc'riod. A 
properly cooked wash is a heavy, caustic, orange-yellow lujuifl, with 
a strong sulphurous odour Upon standing, the sediment si'ttles to 
the bottom, leaving the liquid relatively clear. 

A highly concentrated lime-sulphur solution may be made by 
using the lime and sulphur at the ratio of 1 to 2 as is usually n'coni- 
mended, but with reduced quantities of water The lonnula us('d in 
the commercial lime-sulphur manufacturing plants visited and also 
in the foregoing experiments is as follows : — 

Fresh stone-lime 80 lb. 

Commercial ground sulphur IfJO lb. 

Water to make the finished product 50 galls, 

^ While there is about 50 per cent, in volume of sludge aft(‘r allowing 
this solution to settle for 24 hours, there is only about 5 to 10 per 
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cent in volume of insoluble materials These consist of sulphites, 
free lime, free sulphur, magnesium compounds, etc , varying with the 
kind of lime used and other conditions. Solutions prepared by this 
formula should test on an average 33 — 34° Be. 

The caustic, disagreeable character of the wash is frequently com- 
plained of by orchard workers Much may be done to remove the 
objections to its use by spray gangs by supplying the men with rubber 
coats and gloves The use of vaseline on the face is advisable in 
working during windy weather, and clear glass goggles may be used 
to protect the eyes. Lime-sulphur wash is very hard on the pumps, 
and these should be thoroughly cleaned at the close of each day’s use 

Self-hoiled Lme-Sul^hitr— Caustic-Soda Wash — The expense of 
establishing cooking plants and of their operation constitutes an 
important objection to the lime-sulphur wash, and some attention 
has been given by U S entomologists to the devising and testing of 
washes made simply by the heat generated by the slaking of the lime, 
or by the additional heat following the addition of caustic soda To 
prepare this wash, place in a suitable barrel or other vessel 30 lb 
of good quicklime and start slaking with sufficient hot water to prevent 
air-slaking As soon as the slaking is well under way add 15 lb. of 
sulphur previously worked into a paste with water, and stir thor- 
oughly Hot water is added from time to time in sufficient quantity 
to bring the mixture up to a thin paste. After slaking has ceased 
add 5 or 6 lb. of commercial caustic soda, stirring until the soda is 
dissolved. To this should be added sufficient water to bring up to 
50 gallons of wash 

Properties. — Calcium sulphides are soluble m water, and in all 
proportions Moistened with water and in contact with air they are 
rapidly converted into carbonate of lime and sulphuretted hydrogen. 

CaSg + CO 2 + H 2 O == CaCOg + HgS -f S. 

But simultaneously with this decomposition they undergo partial 
oxidation into hyposulphite of lime Calcium sulphides are neutral. 
They act by the amount of sulphur which they contain To prevent 
their too rapid decomposition m moist air, various substances have 
been incorporated, such as glycerine and milk of lime, in the proportions 
given by Mohr (p. 157), molasses, soft soap, m the proportion of 1 — 2 
per cent These substances also cause the bouilhes to adhere better 
to plants. 

Action on Plants. — Calcium sulphides are less injurious to the green 
parts of plants than potassium sulphides, because their solutions are 
not caustic. Solutions of glycermated monosulphide may dry on the 
leaves without injuring them. But in spite of that it is necessary to 
avoid the too rapid decomposition of these sulphides for the sulphuretted 
hydrogen produced is very injurious to the plant; 0*75 per cent of this 
gas diffused through the air may poison certain plants. The use of 
glycerine to form bouillies, and of water and lime to dilute them prior 
to use, helps greatly to attenuate the effect of this gas ; by delaying the 
decomposition of the sulphides, too large an amount of sulphuretted 
hydrogen is prevented from being formed at one time. The damage 
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ca»us6d to dif[Gr6nt plants, as W6ll as on tlic roots troatocl, is likewise 
caused by liyposnlphite of lime often present in impure calcium sulphides , 
hyposulphites scorch the leaves especially during strong summer 
heat Owing to their reducing action sulphides, and particularly 
calcium sulphides, are injurious to the roots which come m direct 
contact with it. 

Action on Fungi. — The action of calcmrn suljilude on the mycelium 
of fungi IS in principle the same as that of sulphur, liut polysulpliid(‘K, 
which are in a way solutions of sulphur, may be looked upon as moK^ 
active than sulphur, even used in its most impalpable form Whilst 
sulphur has no radical action on the Erysiphece, the myccdium of which 
is exposed without any protection on the surface of plants, calcium 
sulphides act on fungi which live in the plant itselt 

Action on Insects. — Generally insects are not disturbed by solutions 
of calcium sulphide. It is otherwise with acari, plant lice, which are 
easily destroyed by this preparation. Sulphides arc, so to speak, 
specifics against the Phytoptides which produce the di Merent o inoses 
of plants and the most diverse galls. Used against these pests tlieir 
action, otherwise very imperfect, is solely due to the sulphuretted 
hydrogen given off, which is exceedingly poisonous to these msccts. 

Use against Fungi. — Calcium sulphides form an efficacious and 
econonio means for the destruction of the most various parasites They 
are practical substitutes for sulphur. They have m tliems(*lv(*s a 
remarkable action; but it is well to incorporate in their solutions 
substances capable of protecting them against moist air winch renders 
them inactive too soon and causes them to poison plants. Molir advises 
their use against cryptogamic diseases 

The British Ministry of Agriculture rceommends, against a])pl{i 
mildew (Podospheera leucotneha) and apple and p(‘ar-treo scab, also 
American gooseberry mildew, that lime- sulphur solution sold lor 
agricultural and horticultural purposes should bo ma(h‘ from lun(‘, 
sulphur, and water only. The specific gravity of tlu‘ solution as sold 
should not be less than 1 3 at 15° 0 

The summer stages of the European red mite {TetranyrltHs telariu^) 
are controlled in Maryland on apple trees hy the regular spray s(diodul(‘ 
of lime-sulphur 1:40, if the spraying is thoroughly done, if i\w 
foliage of apple becomes infested during the surnnior, a lime sulphur 
spray diluted to 1 part in 75 parts water is used, with a spr(‘ador such 
as calcium casemate or flour. 

Anarsia hneatella (peach twig moth), a serious pest, ]>articularly 
of the late variety of peaches, may be kept under control by delayed 
dormant spraying with lime-sulphur. A dormant lime-sulphur s})ray 
applied when the buds are swelling or even opening is rccomnnmfh^d 
against EnopJiyes pyn (pear-leaf blister mite) ; a secoiul s]>ray, con- 
sisting of one-third the winter strength, should be applh^d in the cluster 
bud stage, and just before the blossoms open. 

InNova Scotianapple orchards, against scab and scabby blotch, codim 
moth, brown tail moth and aphis most growers spray three or four 
times, and the best of them five or six times. The first spray consists 
of lime— sulphur of 1*009 specific gravity or 3 gallons commercial 
strength to 100 gallons of water (1 to 33), with the addition of arsenate 
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of lime 2 lb. to 100 gallons This is put on at 200 lb. pressure wben 
the trees are in the green bud stage For the second spraying, ]ust 
before the blossom buds have opened, weaker Imie-sulphur (1 to 43) 
and arsenate of lime is used. The third spray, after the petals have 
fallen, consists of lime-sulphur 1 to 50 and arsenate of lime IJ lb. to 
100 gallons Two weeks later the fourth spray is used and this con- 
sists of Bordeaux mixture (7 lb copper sulphate, 7 lb quicklime to 
100 gallons) with 5 lb paste lead arsenate added to each 100 gallons. 
In very wet seasons a fifth spray, similar in material to the fourth, 
is used two weeks later to control apple scab 

Cuscuta (dodder) — Carngon employs calcium sulphide with suc- 
cess to destroy the vegetable parasite dodder in forty-eight hours. 
To obtain this effect calcium sulphide is spread on the ravaged parts 
of the held, and these spots sprayed slightly with water The result 
is especially favourable in wet weather. If this treatment is applied 
before the maturity of the gram the dodder may be considered as 
eliminated from the fields. 

Peronospom viticolai de By. (mildew of the vine) — ^Vesque recom- 
mends polysulphides against this parasite of the vine A bouillie 
is prepared for the purpose with 1 lb of quicklime to 3 lb of sulphur 
in 10 gallons of water The leaves and the grapes are sprayed at the 
time the vine is usually sulphured. 

Erysiphece (mildews) — All these fungi can be destroyed by calcium 
sulphides ; they act on their mycelium disorganizing them rapidly like 
sulphur. Their use is, however, more simple, their action more 
regular, because it does not depend on the temperature which, as 
regards sulphur, is one of the conditions of success Besides, solutions 
being spread more uniformly on the organs of the ];)lant attacked 
the action is more thorough. 

Uncinula ameiicana, How (oidium of the vine). — Crouzel recom- 
mends his anticryptogamic against the oidium, the composition 
of which has already been given Spraying ought to alternate at 
five or six days’ interval with cupric preparations. Polysulphides 
employed without naphthalene or hyposulphite produce the same 
effect, and Mohr’s preparation arrests the oidium in full evolution. 
In the spring 4 per cent solutions of polysulphides are used, 5 per cent, 
solutions after flowering, and 6 per cent, solutions at the end of summer. 
The latter do not injure the leaves In the same way as for the 
oidium, mildew of the vine, the polysulphides of calcium have been 
used to destroy the following Erysiphece (mildews) : Sphcerotheca 
pannosa (mildew of the rose and the peach) , Mioosphcem grossulm ice, 
Wall (mildew of the gooseberry); Erysiplie conwumis, Wall, (mildew 
of hay and clover). Nijpels recommends to use against mildew of 
the rose a sulphide prepared thus, boil 100 gallons milk of lime 
made with 20 lb. of quicklime and 40 lb of sulphur; after twenty 
minutes’ boiling the sulphur is dissolved and the whole cooled. A 
teaspoonful of this solution per litre of water for spraying suffices, 
which should be done two or three times during summer. 

Capnodium (fumagine) — The fumagine (fruit tree smut) is destroyed 
by 5 per cent sulphide solutions, but according to Franck and Kruger 
this product cannot destroy the coccides which produce it. 

11 
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Anioiigs'c tlic Llack-blights tli 0 rc are also sonic whicli iiitiy ])t) 
combated with polj-sulpliides : Gloeospoumi (wrpehpMi/nw, Sacc. 
(anthracnose of the vine) Against this disease it is necessary to ajiply 
a spraying of sulphide before the flowering of the vine. 

Cladospoiiiim fulvum, Cooke (tomato disease) —Mohr particularly 
advises the use of polysulphidcs against this disease wLicli act in a 
more efficient manner than copper salts. 

Actmonema 'iosecs, Fr. syn (Asteroma mchosiimi, Fr ).— Mohr 
recommends two or three sprayings during summer. 

Eypomyces permoiosus, Magnus (mole disease) — Constantin and 
Diifour found that this disease can be combated by calcium sulpbidc^s. 

Nectnaditissma,^ Tul (canker of the pear-tree, canker of the ai)ple- 
tree, canker of the beech-tree), Nectna cimuhamui^^ Eode (necrosis 
of wood) —Mohr advises to combat these two parasites with glycerm- 
ated sulphides The wound is deeply incised, cleaned, ancl then 
coated several times with a solution of glycennated sulphide of 
calcium, titrating 15—25° Be When the wound is dried up it is 
covered with a linseed oil varnish ( ? boiled oil). To obtain a cure it 
is sometimes well to repeat this treatment several tunes a year. It 
is also recommended to use a concentrated solution of sulphide mixed 
with a thick milk of lime and to coat the wound after drying with a 
mastic of some sort. 

Imicladvum pinnum, Fuckel (pear scab); Fusicladium deninheum. 
(apple scab). — Mohr advises the use of glycennated sulphide of lime, 
of the usual strength, as soon as the fruits have formed and are tlie 
size of a pea, two or throe additional sprayings being given duiiiig 
the summer 

Hydnes and Polypo)es are combated with calcium Kul|)]ii(l(‘s . 
Hydnum ScJnedeimayHj^ Heufl. , Polyponw Fries, Po///- 

poms igmarniSj^ Fries (false tmder fungus)* — Mohr advist'S to f*oinl)at 
this disease by excising all the diseased wood and to ]>Iaster the 

^ Nectria ditissima (canker of the apple-tree, the pear-tree, and tlie beech) — 
This fungus IS the immediate cause of some cankers which gnaw tlu' hranelu's ot 
the apple-tree and the pear-tiee. It is one of the most formidable diseases of 
fiuit trees. 

2 Nectria cinnabarixa (necrosis of wood; coral spot disease) — Tins fungus, 
which generally lives as a saprophyte on dead wood, appears also as a j)ciiasit(} 
and corrodes the wood It attacks the horse chestnut, the inai>le, the ail.intus 
Its mycehum not only extends into the hark but into the w'ood itself, it is a 
parasite of the ligneous body like the Polyporw, which live at the evpoiise of tlie 
starch 

•* Hydxum Schiedermayrt — This fungus is an apple-tree jiar^asite which rots 
the wood It bores the trunk, forming great holes ot lot, whence issue in autumn 
iiregularly shaped, yellow, fleshy receptacles, which may leach 15 cent i met i’c*s 
(2 inches) in diameter and 10 centimetres (4 inches) thick 'ITiey smell of anis(‘ 

^ PoLYPORA. — These receptacle fungi form pi ejecting lameliu* eith(‘r fleshy or 
hgneous in the form of a bracket or a horse-shoe attached laterally by their ‘base 
m the interior of which their mycelium is spread Polypores attack friut trees. 
They cause white rot especially of the wood of the oak Poryi^orus roNivitn^.s 
(false tmder fungus)— As widespread as P sidphtireus, it prefciably attacks very 
old oaks and there causes white rot, but it also shows itself on the beech, tliu 
poplar, the hornbeam, the willow, and on fruit trees PoLYeoHos si'i.i'HiniKrs 
(heart wood rot) —This widespread fungus especially attacks the oak, tlic w<ilniit, 
the pear-tree, and the poplar Where it fructifies yellow sulphurous hoods !jpi>ear 
rising one above anothei 
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wounds several times with glycerinated sulphide of lime of 20° Be , 
then to coat with mastic Mohr also advises to combat coitam rusts 
with calcium sulphide thus Phwjmidium suhco)ticu)ii, Schrank (rose 
rust), and also the rust of the pines and spruces, such as Clinjsomyxn 
dbies} Unger (rust of needles of Epicea), and others The treat- 
ment should be carried out in May so as to avoid fresh infection of the 
plant Poidernmim 'pim^ Walr (vesicular rust of the bark of the 
pine); Pendermium oblong isfO)ium,^ Fuckel (vesicular rust of pine 
needles). — Mohr advises to combat these diseases with his bouille 
diluted with 10 — 12 parts of water. The result it appears is as good 
as with Bordeaux bouillie 

Exoascus deformanSi^ Fuckel (Cloquo du Pecher), (blistering, wrink- 
ling, or curling up of the leaves of the peach) —Pierce and Mohr 
advise spraying with calcium sulphide to prevent this disease ; accord- 
ing to these authorities complete success is obtained if, as soon as it 
makes its appearance on the first leaves, they are sprayed with a 
4 per cent, solution 

Use against Insects . — Carpocapsa pomui^ella, L (codlin moth, apple 
worm, pyralis of the apple). — Mohr advises calcium sulphide glycerm- 
ated to to prevent apples becoming wormy To prevent the 
hatching of the eggs laid by the female on the young fruit a first 
spraying should be made as soon as the fruit is formed or soon after 
flowering , the fruit should be inspected from time to time and sprayed 
afresh where required. 

Phylloxera vastatnx, Planch (phylloxera of the vine). — Mouillefert 
tried to determine the action of calcium pcntasulphide on this pest by 
making injections round an infested stock, amounting m all to 350 
cubic centimetres, of a solution of 23° Be. diluted with 7 litres of water 
[twenty times its volume]. The result was perfect on the upper roots 
but not complete on the deep roots 

Aphides (naked plant lice) — ^Many observers have recommended 
2 — 4 per cent, solutions of calcium inonosulphide and even the same 
product in the form of powder as a specific against green licc. 

Aphis persicce, Sulz, which is destroyed at the same time as the 
leaf curl (Exoascus deformans) by a 4 per cent, solution ; likewise the 
Aphis oxyacantha, Koch, which causes the cloque of the hawthorn; 
Aspidiotus perniciosusj Comstock (San Jose louse) , Aspidiotiis aurantu, 
Maskell (coccis of the orange). The Canadian Government advises 
for the destruction of these dangerous coccides a bouillie consisting 

^ Rust oi<’ Spruce Needles Chnjsomijx'i ahics — The young needles attacked 
in the course of summer turn jellow wheie the fungus is localized 

® Rust (Vesicux.\r) of the Bark ok the Pine Feridmmium Pine 
Claskr Caps — Jn May bladdeis or whitish membianous sacs, which split to let 
the a‘Cidium spores which they contain, and which ioim an oiange dust, escape, 
are seen to appear on the pines, chiefly at the foot of the stem of the young plants, 
or on the branches of adult plants The mycehum extends between the bark and 
the liber, and sinks into the wood through the medullary rays Rusr (Vesicular) 
OF Pine Neeux^es. Pei idei muon ohlonqisponmn . — ^This rust is similar to the 
preceding, but it is localized in the needles 

® Rxoa.sc’US TiEFORMANS (leaf cull of the peach) — This disease is caused by 
the complete deformation of the leaves, which thicken, curl, twist, and swell, 
assuming a ])ale yellow to rose tint. When the disease reaches a certain pitch, 
the young branches are also invaded and dcfoimed 



